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FOREWORD 

THE  subject  of  Heating  and  Ventilation  has  been  covered  broadly  in 
many  handbooks  that  are  available  for  reference,  but  there  has  been 

a  demand  also  for  a  book  of  infonnaLion  confined  exclusively  to  Steam 
Heating  and  covering  that  field  in  all  necessary  detail. 

Steam  Heating  is  therefore  the  one  topic  of  this  volume  and  Ihc  cdilors 
have  aimed  to  cover  the  subject  with  com|)rehensive  data,  arranged  in  such 
convenient  and  useful  form  as  will  best  meet  the  needs  of  technical  men  in 
the  engineering  and  contracting  fields. 

The  information  given  is  authentic,  being  based  upon  actual  practice 
and  largely  upon  the  experience  of  Warren  \\ebster  &  Company,  who,  as 
pioneers,  have  specialized  for  more  than  thirty  years  in  the  effective  use  of 
steam  for  all  heating  purposes.  Many  of  the  designs  and  methods  originated 
by  this  lirm  are  now  the  recognized  service  standards. 

Special  articles  and  helpful  suggestions  have  been  contributed  by  John 

A.  Serrell,  by  the  General  Engineering  Committee,  and  by  John  B.  Dobson, 

'  Ralph  T.   Coe,  William  Roebuck,  Russell  G.  Brown,  Harry  E.   Gerrish, 

Howard  H.  Fielding,  George  A.  Eagan,  E.  K.  Lanning  and  other  members 

of  the  Webster  organization. 

"Steam  Heating"  offers  the  best  thought  of  this  organization,  and  as 
part  of  Webster  Service,  it  is  intended  to  be  of  real  value  throughout  the  pro- 
fession. The  observance  of  good  judgment  and  painstaking  care  in  following 
its  teachings  will  do  much  toward  obtaining  creditable  and  satisfactory 
results. 

If  further  explanations,  additional  information  or  helpful  co-operation 
are  desired,  the  Engineers  and  Service  Men  in  the  branch  offices  of  Warren 
Webster  &  Company  throughout  the  country  are  always  available  for 
consultation  and  assistance. 
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Part  I— Steam  Heating 

CHAPTER  I 

Elements  of  Steam  Heating 

THE  purpose  of  a  heating  system  is  to  warm  tlie  interior  of  a  structure 
to  a  desired  degree  of  temperature  and  to  maintain  this   condition 

against  a  lower  exterior  degree.  It  is  usual  to  assume  the  exterior 
temperature  to  be  the  average  minimum  expected  in  the  locality. 

To  warm  the  interior  and  to  maintain  a  given  temperature,  heat  is 
required  to  replace  that  ^^llich  is  absorbed  by  the  contents  and  that  trans- 
mitted through  the  structure  to  the  exterior. 

The  unit  measure  of  heat  in  English-speaking  countries  is  the  British 
thermal  unit,  which  is  the  heat  necessary  to  raise  the  temperature  of  one 
pound  of  water  from  59  to  60  cleg.  fahr.  This  is  commonly  known  as  B.t.u., 
or  heat  unit. 

The  cpiantity  of  heat  required  to  raise  the  temperature  of  a  given 
weight  of  a  substance  through  one  deg.  fahr.  as  compared  with  the  quantity 
of  heat  required  to  raise  the  same  weight  of  water  from  62  deg.  to  63  deg. 
fahr.  is  called  the  specific  heat  of  that  substance. 

The  heat  content,  or  quantity  of  heat  per  degree  of  a  given  mass  of  a 
substance,  is  the  product  of  its  specific  heat  and  its  weight  in  pounds. 

The  rate  at  which  initial  heat  is  required  to  raise  the  temperature  of  a 
cold  structure  and  its  contents  to  the  desired  degree  in  a  given  time  may 
be  much  greater  than  that  necessary  to  maintain  the  recjuired  temperature 
after  initial  heating,  or  warming  up,  has  been  accomplished. 

The  greater  the  length  of  time  permitted  for  initial  warming,  the  less 
difference  there  will  be  between  the  heat  requirement  per  unit  of  time  during 
initial  heating  and  that  required  during  subsecpient  maintenance. 

Heat  losses  by  transmission  through  various  forms  of  building  structure 
have  been  ascertained  with  more  or  less  accuracy,  and  much  information  on 
this  subject  has  been  published  from  time  to  time.  These  data  are  being 
constantly  imj^roved  as  new  forms  of  construction  apjiear. 

The  i)rincii)al  discrepancies  between  published  data  on  transmission  are 
probably  due  mainly  to  various  allowances  which  have  been  included  for 
inhltration.  Iniiltration,  or  air  leakage,  should  be  considered  independently 
of  structural  transmission. 

Local  differences  in  workmanship  and  material  of  structure,  as  well  as 
errors  in  observation,  have  further  contributed  to  discrepancies,  and  in 
many  instances  the  results  of  tests  observed  at  one  temperature  difference 
have  been  reduced  by  direct  proportion  to  a  "pei'-degree-difference"'  basis. 

Until  recently  it  has  not  been  generally  recognized  that  this  last-men- 
tioned basis  is  in  error,  in  that  it  is  likely  to  give  too  high  a  rate  of  heat  loss 
for  smaller  temperature  difference  and  too  low  a  rate  for  larger  temperature 
difference  than  that  existing  during  the  test. 


The  heat  transmission  factors  in  Chapter  3  are  based  upon  experience 
with  various  substances  nsed  in  construction  under  averajie  conditions  at  a 
difl'erence  of  70  dcfr.  fahr.  bet\v(>en  interior  and  exterior  tein|)cratures. 
Factors  for  other  temperature  (hfferences  are  stated  as  percentages  of  the  70 
deg.  normal.  The  (^Ifects  of  (>xposure  and  of  varying  wind  v^elocities  are 
separately  considered  as  losses  due  to  infiHration. 

In  ortier  to  determine  the  amount  of  heat  required  it  is  necessary  to 
know  or  establish: 

Firsi:  The  lowest  tempi^rature  to  \\iii(h  tlie  interior  will  fall,  that  is, 
tlie  '"initial"  lem|)erature:  and  th(>  temperature  which  it  is  desired  shall  be 
maintained  within  the  enclosure,  or  the  "maintained"  temperature; 

Secoi}d:  The  time  period  in  which  it  is  recjuired  that  the  structure  and 
its  contents  must  be  raised  from  initial  to  maintained  tem])erature: 

Third:  The  nature  and  the  weight  of  the  Ijuilding  and  its  contents 
(especially  if  large  quantities  of  glass,  metal  or  water  are  included) ; 

Fourth:  The  minimum  exterior  temperature: 

Fifth:   The  direction  and  anticipated  velocities  of  prevailing  cold  winds; 

Sixth:  The  construction  of  the  enclosure; 

Seventh:  The  toi)ography  of  the  site,  and  other  local  pecuharities. 

The  heat  transmitted  hourly  through  the  structure  at  a  temperature 
difference  between  maintained  interior  and  minimum  exterior  temj)eratures, 
plus  the  heat  required  to  warm  the  infiltrated  air  through  the  same  difference 
of  temperature,  gives  the  hourly  maxinnun  heat  requirement  during  main- 
tenance. In  Chapters  3  and  1  these  two  causes  for  heat  requirements  are 
further  discussed. 

During  initial  heating  or  '"warming  uj)."  heat  units  in  addition  to  those 
required  for  maintenance  nmst  be  supplied  to  raise  the  temperature  of  the 
structme  and  its  contents  of  air  and  stored  materials  from  their  initial 
temperature  to  the  desired  temperature. 

In  practice  the  heat  absorbed  by  the  structure  and  its  stored  materials 
is  usually  neglected,  as  the  error  is  small.  However,  if  the  interior  walls  or 
colunms  are  massive,  or  if  the  contents  of  the  l)uilding  include  large  quan- 
tities of  materials  with  high  specific  heats,  such  as  iron,  steel,  w  ater,  glass, 
etc.,  the  heat  which  is  absorl)ed  by  these  must  be  taken  into  account. 

In  almost  all  cases  the  heat  required  to  raise  the  air  contents  of  the 
enclosure  from  the  initial  to  the  maintained  temperature  nuist  he  considered. 

After  determining  the  amount  of  heat  required  to  warm  the  various 
substances  during  initial  heating,  the  hourly  rate  at  which  this  additional 
heat  nmst  be  supplied  during  initial  heating  is  obtained  by  multiplying  this 
heat  quantity  by  the  reciprocal  of  the  warming-up  period  in  hours. 

Applications  of  the  problem  of  determining  the  heat  requirements  wiU 
be  found  in  Chapter  5. 

\\  here  the  heating  requirements  for  warming-up  are  large  compared 
with  those  for  maintenance,  the  radiation  necessary  for  the  warming-up 
requirements  and  consequently  the  heat  enhtted  will  be  correspondingly 
excessive  during  maintenance.  It  is  often  advisable  to  increase  the  length 
of  the  w  arming-up  period  first  allow  ed  in  order  to  reduce  this  excess  radiation. 
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Overlieating  after  the  initial  warming-up  period,  may  be  avoided  l)y  the 
manipulation  of  the  hand-controlled  inlet  valves  on  the  radiators  or  by  a 
system  of  automatic  temperature  control. 

Having  estimated  the  total  hourly  heat  requirement,  the  next  consider- 
atiou  is  the  proper  proportioning  and  distribution  of  radiating  surfaces 
throughout  the  enclosure,  for  obtaining  the  desired  heating  effect  from  the 
circulation  of  a  fluid  of  higher  temperature. 

In  the  following  chapters  the  iluid  considered  for  conveying  heat  is 
steam  at  pressures  slightly  aliove  that  of  the  atmosphere.  The  high  thermal 
value,  or  B.t.u..  per  pound  of  steam  and  the  convenience  with  which  it  can 
be  utilized  h\  means  of  commercial  boilers,  radiating  surfaces,  pipe  and  fit- 
tings and  the  special  apparatus  of  the  \\  ebster  Systems,  have  demonstrated 
the  superiority  of  steam  at  low  initial  pressures  for  the  great  majority  of 
installations. 

The  radiating  surfaces,  or  radiation,  normally  used  in  low-pressure 
steam  heating  to  transmit  heat  from  steam  to  the  enclosure  to  be  warmed, 
are  of  two  general  classes.  Direct  and  Indirect,  each  of  which  has  many 
specific  sub-divisions. 

Direct  radiation,  jjroperly  classified,  comprises  only  those  arrangements 
of  radiating  surface  which  are  located  directly  in  tlie  space  to  be  heated. 

Radiation  which  is  not  wholly  exposed  in  the  space  to  be  heated  is 
termed  iiidireci  radiation.  Units  which  are  concealed  under  window  boxes, 
or  in  housings  having  an  air  inlet  near  the  floor  line  and  a  heated  air  outlet 
al)ove  the  radiation,  or  which  are  enclosed  in  casings  outside  of  the  space 
to  be  heated  and  w  liich  have  a  cool-air  inlet  from  any  source  and  a  warm- 
air  connection  to  convey  by  heated  air  the  necessary  heat  units  to  the 
space  to  be  heated,  are  examples  of  this  type  of  radiation. 

Originally  the  circulation  of  air  for  indirect  heating  l)y  the  method  last 
mentioned  was  induced  entirely  by  the  diff(n-ence  in  weight  of  the  air  columns 
before  and  after  coming  into  contact  with  the  enclosed  radiating  surface. 
Present  usage  designates  such  surfaces  as  gravity  iudired.  distinguishing 
them  from  surfaces  used  in  the  later  develo])ment.  where  additional  circu- 
lating velocity  is  imparted  mechanically  by  a  fan  or  blower.  \^  here  mechan- 
ical means  are  used  these  surfaces  are  now  designated  as  mechanical  indirect 
or  bla.st  surfaces. 

Certain  forms  of  radiating  surfaces  exposed  in  a  room  and  so  arranged 
with  dampers  and  ducts  that  air  wholly  from  the  room  or  partly  from 
without  may  l)e  used  to  convey  heat  from  the  surface  of  the  radiator  to  the 
room,  are  called  direct-indirect  surfaces. 

The  rate  of  heat  transmission  through  radiating  surfaces  from  a  given 
interior  to  a  given  exterior  temjjerature  varies  not  only  with  all  classes  of 
radiation  but  with  all  sidj-divisions  of  those  classes.  This  is  due  mainly  to 
variation  in  convection,  that  is.  in  the  facility  for  absorjjtion  of  heat  from 
the  outer  sm'face  into  the  surrounding  medium,  and.  in  a  lesser  degree,  to  the 
dispersion  of  radiant  heat.  So  great  is  this  variation  that,  untler  similar 
conditions  of  location  and  temperature  difference,  and  even  in  the  simplest 
form  of  direct  radiation,  a  low.  narrow  radiator  gives  off  40  per  cent  more 
heat  per  square  foot  of  radiation  than  one  tiiat  is  extremely  high  and  wide. 
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The  term  "square  fed  of  radiation,"  therefore,  means  nothing  specific 
and  should  not  be  used  indiseriminatehj  for  sizing  boilers,  mains  or  other 
apparatus  in  the  heatiiuj  system. 

The  radiating  surface  for  the  local  conditions,  h(»at  roquircinents 
and  archilc^cture,  having  been  selected  and  located,  the  proper  size  of 
radiating  units  should  he  determined.  For  this  ])urp()se  the  information  on 
heat  emission  of  various  types  of  radiation.  Chapter  6,  will  he  found  useful. 

The  pipes  which  con\  ey  tiie  heating  fluid  from  its  source  to  the  radiating 
surfaces  are  termcHl  supply  mains.  Those  conveying  the  products  of  con- 
densation Irom  tiie  radiating  surfaces  to  the  point  of  disposal  are  termed 
return  mains.  The  vertical  parts  of  these  mains  are  usually  called  risers, 
to  distinguish  them  from  horizontal  runs.  Risers,  in  turn,  are  classified  by 
their  din^ction  of  ilow  ,  as  up-feed  or  down-feed  risers.  The  small  branches  to 
individual  units  of  radiation  are  known  as  run-outs;  those  supplying  several 
units  as  branches,  and  those  conveying  all  of  the  heating  medium  are  usually 
termed  trunk  mains. 

The  flow  of  the  heat-carrying  medium  is  always  toward  a  low  er  pressure, 
and  if  the  medium  is  steam  confined  in  pipes  or  ducts  sealed  from  the  atmos- 
phere, the  arbitrary  dividing  line  conventionally  drawn  between  pressure 
and  vacuum  does  not  enter.  The  problem  involves  only  heat  content, 
density,  difference  in  pressure,  condensation  and  friction. 

If  the  lowest  terminal  pressure  in  the  system  is  that  of  the  atmosphere 
as  in  an  open-return  line  or  modulation  system,  the  initial  pressure  must  be 
somewhat  above  that  of  the  atmosphere.  The  amount  of  pressure  above 
atmospheric  depends  largely  upon  the  friction  which  must  be  overcome 
in  the  piping  and  u])on  the  pressure  necessary  to  give  the  steam  its  initial 
velocity.  If.  how  ever,  a  terminal  pressure  lower  than  that  of  the  atmosphere 
is  mechanically  maintained,  as  in  vacuum  systems,  the  initial  pressure  may 
be  above,  at  or  below  that  of  the  atmosphere  as  best  meets  the  local 
conditions. 

Vacuum  system  practice,  w'ith  few  exceptions,  demands  that  a  steam 
pressure  at  least  equal  to  that  of  the  atmosphere  be  maintained  in  the  run- 
outs most  distant  from  the  source  of  steam  supply,  in  order  to  avoid  the  in- 
leakage  of  air  that  would  otherwise  probably  occur  through  minute  leaks. 
This  terminal  pressure  requires  an  initial  pressure  higher  in  some  degree 
than  that  of  the  atmosphere.  Local  conditions,  such  as  source  of  supply, 
length  and  character  of  pipe  run,  and  use  and  permanency  of  the  plant, 
make  the  selection  of  pressure  difference  one  of  good  engineering  judgment 
rather  than  the  application  of  any  fixed  rule.  The  proper  basis  for  propor- 
tioning the  supply  system  is  dealt  with  in  Chapter  11. 

The  primary  function  of  return  mains  is  the  removal  and  disposal  of 
the  products  of  condensation.  Tliese  mains  should  provide  gravity  flow^ 
wherever  possible.  Pressure  difference  should  be  used  to  stimulate  flow  only 
where  gravity  alone  is  not  practical. 

The  products  to  be  removed  consist  of  water,  air,  vapor,  gases  from 
impurities  and  last,  but  not  to  be  overlooked,  dirt  and  foreign  matter. 

The  last  consists  of  initial  impurities  such  as  core-sand,  gravel,  chips, 
mill  scale,  grease,  etc.,  left  in  the  heating  system  when  erected,  together 


^vith  rust  partitles  and  scale  from  impure  feed  ^Yate^.  Were  it  not  for  the 
dirt  which  collects  and  the  uncertainty  as  to  its  volume,  return  mains 
might  be  made  much  smaller. 

B'ormulse  and  tables  of  capacities  of  straight,  smooth  pipes  laid  on  even 
grades  for  return  of  condensation,  and  tables  of  accepted  capacities  com- 
pensating for  uncertainties  of  grade  and  dirt  are  given  in  Chapter  11. 

The  hot  distiUed  >Yater  should  be  returned  to  the  Ijoiler  wherever  ]ios- 
sible.  The  saving  due  to  the  heat  content  of  this  water  and  its  freedom 
from  scale-forming  and  other  impurities,  warrants  considerable  initial  out- 
lay in  return  apparatus. 

No  specific  type  of  return  apparatus  will  best  fit  all  conditions.  The 
single  low-pressure  heating  boiler  may  have  its  water  line  so  located  that 
the  water  of  condensation  will  flow  liack  into  the  boiler  by  gravity  against 
the  highest  steam  pressure  carried.  Between  this  simple  case  and  a  modern 
high-pressure  central  generating  plant,  where  part  of  the  exhaust  steam  is 
used  as  a  by-product  for  heating  purposes  in  an  extended  group  of  Ijuild- 
ings,  there  is  a  wide  range  of  conditions.  The  selection  of  the  best  combi- 
nation of  return  apparatus  for  the  individual  plant  is  therefore  dependent 
upon  comprehensive  practical  experience. 

Some  of  the  possible  combinations  of  return  apparatus  are  described 
and  shown  in  typical  diagrams  in  Chapter  13,  and  basic  rules  are  given  for 
estimating  proper  sized  apparatus.  However,  it  is  manifest  that  discussion 
in  this  volume  cannot  cover  all  requirements,  and  in  this,  as  in  the  selection 
of  all  apparatus  for  special  conditions,  it  is  recommended  that  specific 
engineering  advice  be  olitained  from  the  home  office  or  a  nearby  branch 
of  the  manufacturer,  before  a  selection  is  made. 


CHAPTER  II 

Basic  Data  Required  for  Design  of  a 
Steam  Heating  System 

IXTELLIGEXT  design  of  any  heating  system  in  eitlier  new  or  existing 
buildings  requires  tliat  certain  l)asic  data  shall  be  available.     For  exist- 
ing buildings  the  present  use  of  which  will  continue,  it  is  usually  possible 
to  olitain  quite  definite  data  to  work  upon.     If  plans  are  the  availal)le  in- 
formation, much  of  the  necessary  data  must  be  based  upon  assumptions  of 
probable  conditions. 

In  any  event,  good  judgment.  ])referably  founded  upon  ripe  experience, 
must  play  its  etjual  part  with  scientific  knowledge  in  the  final  application 
of  the  data  ol)tained. 

Topography:  The  design  of  an  efficient  heating  system,  especially 
where  a  group  of  buildings  is  being  considered,  requires  that  a  careful  study 
be  made  of  the  grade  levels  of  the  different  buildings,  each  one  to  the  other, 
so  that,  if  possible,  the  condensation  from  the  heating  surfaces  may  flow 
by  gravity  to  a  central  point  from  which  it  may  be  returned  to  the  source 
of  steam  supply. 

In  cases  where  the  conditions  are  such  that  the  condensate  will  not 
flow  by  gravity  to  a  central  point,  special  methods  for  lifting  the  con- 
densate  to  a  higher  level  are  necessary  as  described  hereafter. 

Location  and  Character  of  Source  of  Heat:  It  follows  from  the 
above  that  wherever  possible  the  source  of  steam  supply  should  be  located 
at  a  lower  level  than  that  of  the  buildings  to  be  heated. 

In  a  plant  consisting  of  a  group  of  buildings  there  is  usually  a  {)ower 
generating  plant,  the  by-])roduct  from  which,  in  the  form  of  exliaust  steam, 
should  be  utilized  to  the  fullest  extent  in  the  heating  of  the  buildings.  The 
economies  incident  to  the  use  of  this  exhaust  steam  as  a  by-product 
frequently  determine  the  adoption  of  an  isolated  power  generating  plant 
rather  than  the  purchase  of  power  from  outside  sources  and  the  installation 
of  a  boiler  plant  for  heating  purposes  only. 

Exposure  and  Protective  Conditions:  By  exposure  is  meant  the 
relation  of  the  outside  surfaces  of  the  building  or  buildings  to  the  prevailing 
cold  winds  of  winter,  which  by  their  pressure  cause  infiltration  of  excess 
quantities  of  cold  air  and  the  rapid  removal  of  heat  from  the  outside  surfaces 
of  the  structure.  To  offset  this,  a  larger  amount  of  radiation  must  be 
provided  on  the  sides  having  greatest  exposure,  than  for  sides  more  favorably 
located  with  the  protection  of  surrounding  buildings  or  hills. 

Consequently  the  designer  should  determine  the  direction  of  the  pre- 
vailing winter  winds  and  their  probable  velocities  and  duration  as  well  as  the 
topographic  features  which  may  afford  protection. 
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Fig.   2-2.     Daily  maximum   and  minimum  temperatures  in  New   York  City   during   the  heating  seasons   of 

1916-1917  and  1917-1918,  (on  opposite  page)  1918-1919  and  1919-1920.     Based  upon 

United  States  Weather  Bureau  Reports. 

Outside  Temperatures:  Although  the  records  of  the  United  States 
Weather  Bureau  (See  Figure  2-1)  may  show  an  extreme  minimum  tempera- 
ture much  lower  than  that  usually  experienced  in  a  given  locality,  it  is  not 
customary  to  estimate  heating  requirements  with  that  extreme  tempera- 
ture as  a  hasis. 

Generally,  the  average  minimum  temperature,  obtained  from  United 
States  Weather  Bureau  records  over  a  period  of  ten  years  or  longer,  is  the 
fundamental  consideration.  To  illustrate  the  necessity  for  considering  a 
period  of  yeai's,  rather  than  to  establish  the  basis  on  the  result  of  two  or 
three  years,  charts  (Figure  2-2)  have  been  prepared  showing  the  minimum 
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and  maximum  temperatures  for  eaeli  dav  of  the  ]ieatini>'  season  for  the 
winter  months  of   1916-1917  to  1919-1920  for  New  York  City. 

These  charts  show  the  extreme  variation  of  minimum  temperature 
for  different  winters  and  indicate  that  a  safe  average  cannot  be  obtained 
without  having  records  of  a  long  period  of  years  for  consideration.  They 
are  shown  also  as  a  suggested  form  for  the  preparation  of  similar  data  from 
Weather  Bureau  reports  for  any  locality  where  it  is  desired  to  study  the 
temperatm-e  conditions  upon  which  the  design  of  a  heating  system  is  to 
be  based. 

It  is  possible  to  operate  the  most  effective  types  of  steam  heating 
systems  with  a  slight  increase  in  steam  pressure,  which  results  in  an 
increased  rate  of  heat  emission  from  the  radiating  siu-faces.  This  flexi- 
bility is  advantageous  diu-ing  short  periods  of  very  cold  weather. 


Floor  Plans,  Elevations  and  ('boss-Sections:  To  proprrly  drsifiii 
the  lu'aling  .system  for  one  or  more  l)>iil(lin<>s,  eoniplete  fIt)or  plans  and  siilli- 
ciont  elevations  and  (Toss-sections,  sliowiiif":  details  of  eonstrnction,  materials, 
ete..  ninst  be  availahle  for  acenraleU  ealewlatinj.;  tiie  heatinj,'  retpiirements. 

In  desi<rninii;  heating  systems  I'or  existing  hnildings.  aeenrate  data  may 
be  obtained  by  survey,  l)ut  witli  designs  of  new  buildings  certain  assump- 
tions are  necessary.  These  may  or  may  not  be  justified  when  construelion 
is  complete.  A  fre(|uent  element  of  error  lies  in  change  from  original  plans 
without  |)roper  consideration  for  the  effect  upon  the  heating  system. 

These  possible  discrepancies  in  construelion  and  deviation  in  design 
from  original  plans  make  it  (juilc  necessary  for  the  designer  of  the  heating 
system  to  place  himself  on  record  as  to  the  basic  factors  of  his  calculation. 

Inside  Temperatire  Requirements:  The  temperature  to  be  main- 
tained and  the  lowest  permissibU^  temperature,  are  usually  governed  by  the 
use  for  w  liich  the  enclosure  is  intended. 

Inside  temperatures  are  usually  determined  at  the  l)reathing  line  and 
not  closer  than  .1  ft.  from  the  most  exposed  wall. 

The  important  considerations  for  decision  lie  in  the  following  questions: 

Is  the  heal  lo  be  maintained  continuously  2-i  hours  per  day  or  for  stated 
portions  of  tlie  total  ?'/  fwurs? 

If  inlermiltenl  heating,  hoiv  long  a  time  may  be  allowed  to  raise  Ihe 
room  temperature  to  the  required  maintained  temperature? 

Tiu'ough  how  long  a  period  will  lieat  be  shut  off  and  how  low  may 
lite  room  temperature  become  during  ttiis  closed  down  period? 

The  following  table  indicates  the  usual  range  in  maintained  tempera- 
tures desired  for  various  classes  of  occupancy,  but  it  should  be  kept  in  mind 
that  temperature  is  largely  a  matter  of  individual  preference  so  that  such  a 
table  can  lie  considered  only  as  a  guide*  in  the  final  selection. 

Table  2-1.     Teniperatiirc  for  Various  Rooms  in  Deg.  Falir. 

Bath  rooms  75  to  8.5 

Ctiurches 60  to  70 

Entrance  tialls  to  publit-  buildings.  .  .  50  to  60 

Factories 60  to  70 

Foundries  50  to  60 

Gymnasiums  60  to  65 

Homes  for  aged  .80 

Hospitals .  72  to  75 

Lecture  tialls  60  to  70 

Living  rooms  68  to  72 

Machine  shops  60  to  70 

Offices. 68  to  72 

Operating  rooms  70  to  90 

Paint  shops 80  to  90 

Prisons,  day  conliiicmi'nt  60  to  65 

Prisons,  night  conliiicninil  .50  to  55 

Public  buildings  .  68  to  72 

Schools .70 

Shops  (stores) 50  to  65 

Swimming  halls 70  to  75 

Vestibules  for  stores  and  office  buildings 70  to  80 


The  relative  luiniidity  of  the  atmosphere  which  is  Hkelv  to  exist  in  an\ 
room  or  building  has  a  bearing  upon  the  desirable  inside  temperature. 

For  a  liA  ing  apartment,  a  normal  temperature  of  70  (leg.  fahr.  and  rela- 
tive humidity  of  50  per  cent  (about  4  grains  of  water  vapor  per  cubic  foot  of 
content)  is  considered  by  most  authorities  to  be  a  very  satisfactory  condition 
of  the  air.  If  the  temperature  is  lower  than  70  deg.,  the  relative  humidity 
should  be  higher  than  50  per  cent  or  if  the  temperature  is  higher,  the  relative 
humidity  shoidd  be  lower  if  the  same  effect  of  comfort  to  the  occupant  is  to 
result . 

It  is  usual,  however,  that  the  relative  humidity  is  found  to  be  much  less 
than  50  per  cent  in  living  apartments  heated  to  70  deg.  fahr.  and  has  been 
observed  to  be  as  low  as  28  j)er  cent.  With  very  low  relative  humidity  the 
effect  upon  the  occupant  is  a  feeling  of  chilliness  even  though  the  temperature 
may  be  increased  to  78  or  80  deg.  fahr.  This  cooling  effect  is  due  to  the 
rapid  evaporation  of  moisture  from  the  occupant's  skin,  which  is  brought 
about  by  the  low  vapor  pressure  of  the  atmosphere.  Conversely,  where 
extremely  high  relative  humidity  exists,  a  temperature  of  70  deg.  fahr. 
might  feel  oppi'essively  hot  to  the  occupant. 

Contents  and  Use  of  Enclosure:  A  very  important  consideration 
for  the  designer  is  that  of  the  materials  and  machinery  within  the  enclosure, 
and  their  capacities  for  absorbing  heat.  This  has  an  important  bearing 
upon  the  permissible  time  limit  for  w  arming  up. 

Large  quantities  of  material  or  machinery  having  a  high  heat  content 
w  ill  prolong  the  time  for  warming  and  will  have  an  opposite  effect  of  re- 
tarding the  loss  of  temperature  when  the  heat  supply  is  cut  off. 

For  consideration  of  this  factor,  the  designer  should  have  details  of  the 
w  eight  and  substance  of  each  of  the  various  items  of  machinery  and  materials. 
With  this  data  and  a  table  of  specific  heats  of  substances  such  as  on  pages 
342-3,  the  total  heat  contents  or  heat-absorbing  capacities  which  influence 
the  warming-up  ])eriod  can  be  determined. 

Likew  ise.  the  designer  should  determine  the  total  heat  given  off  by  the 
operation  of  the  machinery,  motors,  lights,  etc.,  although  this  is  not  of  so 
much  importance  in  buildings  where  the  temperature  requirements  are  those 
to  be  maintained  during  periods  when  machines,  etc.,  are  not  in  operation. 

In  schools,  theaters,  auditoriums,  churches,  etc.,  where  large  numbers 
of  persons  may  gather,  it  is  necessary  to  allow  for  the  heat  given  off  by  the 
human  bodies  if  overheating  is  to  be  prevented.  In  such  cases,  ventilation 
is  usually  required  to  remove  the  bodily  heat  with  its  excessive  humidity. 

In  manufacturing  plants,  portions  of  buildings  often  require  unusual 
quantities  of  heat  to  warm  the  large  amounts  of  air  which  replace  that  drawn 
from  the  rooms  through  exhausting  fans  on  grinders,  dryers  and  similar 
apparatus.  This  condition  requires  a  careful  investigation  of  the  factors 
involved  in  the  unusual  rate  of  air  change. 

Character  and  Location  of  Heating  Surfaces:  The  selection  of 
the  radiation  from  a  choice  of  direct,  indirect,  direct-indirect  or  blast  type 
depends  largely  upon  the  use  for  which  the  enclosure  is  intended,  the  ven- 

19 


tilaliori  nHjuiremeiiLs,  llic  local  Imildiiii:  laws,  school  and  labor  codes,  and 
other  general  considerations. 

Willi  her  pipe  coils,  cast-iron  wall  radiation  or  column  cast-iron  radi- 
ators are  to  be  used  lor  direct  healino;  is  usually  a  (juestion  of  availability 
of  materials,  cost  of  installation  and  tlie  esthetic  effect  re(]uired. 

The  selection  of  the  type  and  location  of  the  dilferent  radial in<>-  units 
may  best  be  determined  by  a  study  of  the  plans  and  elevations  of  the  build- 
ing to  be  heated. 

LocvrioN  OF  Supply  A^^  Retubn  Lines:  In  installations  of  the  type 
for  hotels,  hospitals,  office  l)uildings  or  other  public  buildings  with  linished  or 
decorated  walls  it  is  customary  to  conceal  the  steam  and  return  risers,  and  their 
rua-outs  to  radiators,  in  the  wall  and  lloor  construction.  In  factory  instal- 
lations and  other  less  expensive  types  of  construction  these  lines  are  exposed 
and  in  many  instances  they  are  used  as  prime  radiating  surfaces. 

In  cases  where  the  outlets  from  the  risers  are  taken  below  the  level  of 
entrance  to  the  radiators  it  is  essential  that  the  run-outs  shall  be  so  graded 
that  the  condensation  will  flow  back  by  gravity  into  the  risers  regardless  of 
the  maxinumi  velocity  of  steam  which  may  flow  in  the  opposite  direction. 
It  is  therefore  of  prime  importance  that  the  maximum  velocity  shall  be  kept 
well  below  that  at  which  the  condensation  will  be  swejit  along  with  the  steam. 
This  important  feature  of  design  is  discussed  in  further  detail  in  Chapter  12. 

A  down-feed  system  of  supply  is  preferable  wherever  building  conditions 
will  permit,  since  the  condensation  will  then  flow  in  the  same  direction  and 
will  be  assisted  by  the  flow  of  steam  as  well  as  by  gravity.  This  permits  the 
use  of  smaller  supply  risers  and  run-outs  due  to  the  higher  velocities  of 
steam  flow  which  are  permissible. 

Return  run-outs,  risers  and  mains  must  grade  in  the  direction  of  flow  of 
condensation  to  some  low  point  or  points  from  which  the  condensation  will 
be  returned  to  the  source  of  steam  supply  or  other  point  of  disposal. 


CHAPTER  III 

Heat  Transmission 

THE  same  principle  of  transmission  of  heat  from  a  higher  to  a  lower 
temperature  that  makes  steam  heating  effective,  also  functions  in  the 

transmission  of  heat  through  materials  of  construction  to  make  such 
heating  necessary. 

Heat  seeks  equilibrium,  and  consequently  there  is  a  transfer  of  heat 
from  a  higher  to  a  lower  temperatui'e  with  greater  or  less  rapidity,  depending 
upon  the  difference  in  temperature  and  the  character  and  thickness  of  the 
material  through  which  it  flows. 

For  the  purpose  of  estimating  the  heat  losses  from  enclosures,  numerous 
tests  and  deductions  from  practice  have  been  made  to  determine  the  rate 
of  heat  transmission  through  the  various  types  and  materials  of  surfaces 
used  for  enclosing  space.  So  many  variables  enter  this  problem  that  it  is 
impossible  to  predict  the  heat  transmission  exactly  luiless  all  of  the  pecidiari- 
ties  of  any  case  under  consideration  have  been  previously  determined. 

Tables  of  heat  transmission,  therefore,  attempt  to  provide  for  average 
conditions  of  construction  of  the  enclosing  substances.  Due  regard  must 
be  given  to  the  facility  with  which  heat  is  absorbed  and  removed  from  the 
siu'faces  of  the  enclosing  suljstances,  and  to  the  heat  which  is  transmitted 
through  them,  due  to  the  difference  between  the  temperatures  existing  at 
theii-  surfaces,  which  may  be  termed  "heat  head." 

This  heat  head  has  been  considered  in  many  formulae  as  a  constant 
increase  per  degree  of  temperature  difference.  As  the  residt  of  tests  ^^'ith 
the  same  substance  under  various  temperature  differences  this  deduction 
has  been  ])roved  to  be  incorrect.  Higher  temperatiu-e  differences  cause 
greater  transmission  per  degree  difl'erence  than  lower  temperature  differences. 

The  probable  variation  in  heat  transfer  under  various  conditions  of 
heat  head  is  shown  in  Fig.  3-1.  The  rate  of  transfer  for  any  difl'erence 
between  inside  and  outside  temperatures  other  than  70  deg.  is  expressed 
as  a  percentage  of  that  at  70  deg.  difl'erence. 

The  discussion  of  Rates  of  Heat  Transmission  in  this  book  recognizes 
the  following  fundamental  conditions: 

(1)  The  maintained  inside  temperature  is  that  normally  existing  at 
the  breathing  line  (5  ft.  above  the  floor)  and  about  5  ft.  from  the  w'all. 
The  breathing  line  is  more  often  mentioned  hereafter  as  the  datum  line. 

(2)  The  basic  rate  of  transmission  for  any  substance  is  the  number  of 
B.t.u.  wdiich  will  be  transmitted  in  an  hour  through  each  stiuare  foot  of 
surface  of  that  substance  when  the  outside  temperature  is  zero  and  the 
maintained  inside  temperature  is  70  deg.  fahr. 

(3)  From  the  above  it  will  be  evident  that  the  basic  rate  is  that  which 
is  transmitted  at  the  datum  line. 
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In  many  structures  with  a  ceiling  hei,i>ht  of  20  to  30  ft.,  with  no 
mechanical  agitation  and  a  low  transmission  rate  through  the  roof,  the  aver- 
age increase  in  tem])erature  recorded  above  the  datum  line  to  a  point  close 
under  ceiling  has  been  fully  I  deg.  fahr.  per  ft.  In  other  buildings  of  similar 
height   with  cold  roof  the  average  rise  has  been  less  than  ^2  d*"S'-  P^i"  ft. 

The  dt)wnward  circulation  set  up  by  the  absorption  of  heat  from  the 
air  near  cold  enclosing  siu'faces  tends  to  agitate  the  entire  contents  and 
reduce  the  stratification  effect.  The  greater  the  difference  between  the 
exterior  and  the  maintained  interior  temperature,  the  greater  the  agitation 
and  the  less  the  heat  rise  per  unit  of  height  above  the  datum  line. 

In  estimating  heat  flow,  the  average  height  above  the  datum  line  for 
each  class  of  service  should  be  considered.  Due  to  the  increase  in  tempera- 
ture above  the  datum  line,  the  transmission  rate  for  each  surface  will  cor- 
respond to  that  of  the  temperature  of  the  strata  at  the  average  height  above 
datinn  of  such  surface  rather  than  that  at  datum  line. 

Where  the  space  above  the  ceiling  is  heated,  the  temperatin-e  of  the 
strata  closest  to  ceiling  will  be  the  highest.  In  such  case  it  is  usual  to  con- 
sider the  average  temperature  to  be  that  midway  between  the  d.itum  line 
and  the  U])per  edge  of  the  vertical  enclosing  surface  and  obtain  from  Figure 


Fig.  3-2.     Illustrating  heat  stratification 


3-1.   tlu>  percent  a. iiv   lo   he   a|)])lie(l   lo  the   l>asic    transmission    rate    of    tlie 
surface  under  consideration. 

In  the  case  where  the  space  above  the  root  or  ceihn^'  is  cold,  the  tem- 
perature of  the  strata  ceases  to  increase  Ijcyond  a  hei.i;lit  somewliat  below 
such  roof  or  ceihng:  the  distai\ce  depending  on  the  rale  of  transmission 
tlu-ouuli  llie  roof.  In  this  case  it  is  necessary  to  assume  two  hmits  when 
correcting  the  basic  factor  of  the  enclosing  surface  to  allow  for  stratification. 
It  is  usual  to  consider  the  average  temperature  in  this  case  as  that  midway 
between  basic  level  and  a  level  five  feel  under  the  cold  roof. 

The  t<Mnperature  does  not  always  continue  to  increase  in  ('(|ual  aiuouni 
per  unit  of  elevation  above  the  datum  line  and  in  very  high  rooms  the  level 
;it  which  it  ceases  to  increase  is  likely  to  be  more  than  .5  ft.  Ix'low  the  cold 
ceiling. 

In  rooms  with  a  ceiling  height  over  10  ft.  where  air  is  mechanically 
agitated,  there  will,  in  most  cases.  l)e  a  higher  average  temperature  than  that 
at  the  datum  line  with  a  consequent  increase  in  transmission  rate;  this,  how- 
ever, will  l)e  materially  less  than  in  cases  of  similar  height  where  there  is 
no  mechanical  agitation. 

Heat  losses  through  monitors  must  be  sj)ecially  considered.  In  suc-h 
cases  it  is  usual  to  install  heating  surfaces  within  the  monitor  construction, 
and  for  that  reason  the  entire  monitor  construction  should  l)e  considered 
as  an  individual  unit  of  enclosure  with  an  imaginary  floor  across  the  space 
between  the  lower  edges  of  its  vertical  sides. 

However,  the  factors  for  stratification  for  figuring  heat  losses  from 
monitors  should  disregard  the  .5-ft.  datum  line:  that  is.  assuming  that  the 
temperature  at  this  imaginary  floor  line  is  a])])roxiniately  70  ileg. 

In  the  cases  where  consideration  must  be  given  to  the  transmission 
of  heat  through  surfaces  at  a  level  beneath  the  datum  line  it  is  advisable 
to  disregard  stratification  and  estimate  the  heat  transmission  at  the  difference 
between  the  temperature  at  the  datum  line  and  at  the  other  side  of  exposed 
surface. 

Basic  factors  for  average  height  above  datum  should  l)e  fixed  on  the  basic 
temperature  difference  of  zero  outside  and  70  (leg.  fahr.  maintained  inside. 

If  the  outside  temperature  for  which  any  i)articular  enclosure  is  figured 
is  different  from  zero,  or  if  the  temperature  to  be  maintained  at  the  breathing 
line  is  more  or  less  than  70  deg.,  or  if  both  inside  and  outside  temperatures 
are  different  from  the  basic  tables,  the  rates  of  transmission  should  be  ad- 
justed for  the  new  difference  in  temjjerature  by  factors  obtained  from  Figure 
3-1,  and  applied  to  all  transmission  lo.sses  through  the  structure. 

It  is  hoped  that  in  the  next  edition  of  "Steam  Heating."  the  result  of 
tests  now  under  way  will  l)e  sufficiently  complete  to  indicate  the  probable 
maximum  degree  of  stratification  likely  to  be  encountered  in  the  erecting 
shops  and  other  structures  with  high  ceilings,  which  are  with  increasing 
frecpiency  presenting  their  problems  to  the  Heating  P>ngineer. 

To  obtain  the  maximum  transmission  rate  due  to  the  average  height 
al)Ove  the  floor  of  various  surfaces  mentioned  in  tables  on  following  pages,  the 
formulae  on  next  page  should  be  employed  and  a  probabh^  maxinnun  ^•alue 
given  to  S.  the  rate  of  heat  increase  due  to  stratification. 


TT'///(/()(r.v.  doors-,  inills,  mid  other  rcrtical  surfaces 

T,  =  T  +  s(^-D  —  5)  Formulae  3-1 

Roofs,  ceiliiuis.  or  other  liorizoutaJ  or  sloping  surfaces 

^VheI•e  upper  side  is  cold  AVhere  upper  side  is  heated 

T,  =  T  +  S(n,  -  10)  Ti  =  T  +  S(H. -5) 

iu  wliich 

T  =  teuiperatiire  at  the  datum  Hue. 

Ti  =  average  temperature  due  to  stratification  at   mean  height   of  tlie 

surface  above  datum 
S    =rate  of  heat   increase  al)ove  datum,  in   degrees  per  foot,   (hie  to 

stratification. 
H  =  height,  in  feet,  of  upper  le\el  of  vertical  surface  above  lower  edge. 
Ho  =  average  height  in  feet  above  floor  of  nearly  horizontal  siu'face. 
D  =  height  in  feet  above  floor  of  lower  level  of  vertical  surface. 

Basic  Factors:  Assuming  a  value  of  S  in  Formulae  3-1,  Ti  may  be 
found  for  any  given  condition  and  by  referring  this  Ti  to  Figure  3-1.  the 
percentage  to  be  applied  to  the  basic  rate  may  be  found.  If  the  tempera- 
ture conditions  are  other  than  basic  (zero  deg.  to  maintained  70  deg.)  the 
rates  of  transmission  for  heights  other  than  basic  should  be  adjusted  to 
the  new  temperature  difierence. 

■  The  heat  transmission  values  in  the  following  tables  have  been  proven 
by  experience  to  be  approximately  correct.  These  values  may  need  revision 
Avhen  results  are  published,  of  tests  contemplated  by  the  Research  Bureau 
of  the  American  Society  of  Heating  and  Ventilating  Engineers. 

Table  3-1.     Walls,  Clapboard 

Construction  Basic  factor,  0  to  70  deg. 

Clapboard  on  studs,  bare 50 

Clapboard  on  studs,  with  lath  and  plaster 35 

Clapboard  and  paper  on  studs,  with  lath  and  plaster                                                30 

Clapboard  on  studs,  with  l-in.  slieathins.  hare 40 

Clapboard  on  studs,  with  l-in.  she;itliint:.  papered 35 

Clapboard,  with  l-in.  sheathing  on  studs,  lath  and  plaster  .25 

Clapboard  and  paper,  with  l-in.  sheatliing  on  studs,  lath  and  jilaster 20 

Clapboard  on  studs,  with  brick  fill,  bare 28 

Clapboard  on  studs,  with  brick  fill,  papered 25 

Clapboard  on  studs,  with  brick  fill,  lath  and  plaster 22 

Clapboard  and  paper  on  studs,  with  brick  fill,  lath  and  plaster 20 

Clapboard  and  sheathing  on  studs,  sawdust  fill,  lath  and  plaster 15 

Clapboard,  paper  and  sheating  on  studs,  sawdust  fill,  lath  and  plaster     10 

Table  3-2.     Interior  Walls 

Construction  Basic  factor,  0  to  70  deg . 

Plaster,  wood  lath,  studs,  wood  lath  and  plaster 24 

Plaster,  metal  lath,  studs,  metal  lath  and  plaster   28 

Studs,  wood  lath  and  plaster 42 

Studs,  metal  lath  and  plaster 48 

4-In.  hollow  tile  plastered  one  side .  .  40 

4-In.  hollow  tile  plastered  both  sides  35 

2-In.  gypsum  block  plastered  one  side  15 

2-In.  gypsum  block  plastered  both  side~  12 


Table  3-3.     Walls,  Stucco  on  Studs 


Wood 
Plaslcr 


Studs 
Melal 


Stucco    on    liilh.    with    wood 
liitli  and  plaster  on  tlic  inside       1(1 


Stucco   on    inelal    liilli.    willi 
Plaster     metal  lath  and  plaster  on  the 

inside                                                tS 
"-Studs  


Table  3-4.    Walls,  Corrugated  Iron 


Cor.  ,(    (gjijj  Plain    loose   constriiclion   on 

''""    (j    Air  framework  125 

leaks  Tight  construction  on  frame- 

-  no  Air  work  •>() 


.Wood       On     1-iii.     toiiKue-anrl-groove 

sheathint;  I' 


Table  3-5.     Walls,  Brick 


Plastered  inside 


Furred  and  plastered  inside 


«•    T    > 


Table  3-6.     Walls,  Hollow  Tile  Fared  witli 
Brick 


Brick 


Tile 


Plain 


=  □ 


Plastered  inside 


Furred  and  plastered  inside 


Table  3-7.    Walls,  Concrete  Faced  with 
Brick  4-in.  Thick 


Brick 


Concrete 


Plastered  inside 


Furred  and  plastered  inside 


Table  3-8.     WaUs,  Hollow  Tile 


Table  3-10.    Walls,  Sandstone  or  Limestone 


Table  3-9.    Walls,  Concrete  4-in.  Thick 
Faced  with  Stone 


Concrete 


Stone 


Plastered  inside 


1 

Plastered  inside 

n                      4                               63 
i                       6                               54 
8                               45 
i                     10                               41 
bI                    12                               36 

Stucco,  furred  and  plastered 


I  al.l.'    3-12.     Windows 


Glass 

=iIZ3 


Basic  The  factors  in  this  table  are  for  trans- 

"                                        0  to*70°  niission  rates  at  the  diituni  liiii^  T,  ft.  from 

floor  and   a  temperalurc  of  70  (lej;.    fahr. 

Wood  sash.  The   teinporaturo   T,    at    the    centre  of   a 

single  f.'hi/.e<l                      75  window  of  any  height  above  the  floor  will  be 

Wood  sash,  T,  =  70  +  s(^+D-5)° 

double  glazed  42  c         .        f    i      .    •  i 

\\  here  S  =  rate   ot    Jieat    increase    al)Ove 
^    ..  ,         .    ,        ,  datum     in     degrees    per    fool. 

>olid  n.etal  sash,  due  to  stratiliealion. 

1 1        single  glazed  90  .,      ,  ,  „   „  „  ,    .  , 

^  II  =  the  numlMT    of    f.'et    of   height 

II  II  I        1  of  th(!  upper  edge  of  window 

-11 1  <>  ow  iiu   a   .sas  1,  opening  above  lower  edge. 

T^==i         single  glazed  80  D  =  the  number  of  feet   of   height 

of  the  lower  edge  of  window 
Solid  metal  sash,  opening  above  the  floor, 

double  glazed  65  (See  Figure  3-2) 

With  Ti  established,  the  factor  for  cor- 
llollow  metal  sash,  reeling   the   tabular   values   will    be   deter- 

double  glazed  15  mined  from  Fig.  3-1.    .\pply  this  corrected 

factor  to  the  entire  area  of  window  opening. 


Monitors  must  be  considered  as  separate  problems,  as  if  they  are  structures  of  themselves  with 

theoretical  floors  at  the  level  of  the  base  of  the  monitor.  Their  transmission  losses  and  the  sizing  and  placing 
of  radiating  surfaces  should  be  figured  accordingly.  The  factor  should  disregard  the  usual  5-ft.  datum 
line.   That  is,  assume  that  the  temperature  at  this  imaginary  floor  line  is  70  deg.  fahr. 

Table  3-13.     Doors  and  Wood  Partitions 

Constniction  Basic  factor,  0  to  70  " 

M-In.  to  1-in.  thick,  tongued-and-grooved 45 

1     -In.  to  l}^-in.  thick,  tongued-and-grooved  40 

lj<4-ln.  to  IJ'^-in.  thick,  tongued-and-grooved  35 

1  J'2- In- to  2-in.  thick,  tongued-and-grooved. .  30 

2  -In.  to  2J/^-in.  thick,  tongued-and-grooved _  25 

2V^-In.  to  3-in  thick,  tongued-and-grooved                '  20 

Table   3-14.     Roof  Construction 

Construction  Basic  factor,  0  to  70** 

Flat  tile  on  strips 75 

Flat  tile  on  sheathing 45 

Slate  on  strips 78 

Slate  on  sheathing  Emd  paper  35 

Corrugated  iron  on  strips 125 

Corrugated  iron  on  sheathing 45 

Tin  on  strips 110 

Tin  on  sheathing   10 

Tin  on  shriilhing  with  paper  30 

,  strips hO 

slii-athing     30 

1  slri|is  (iviT  tar  pn))er  and  sheathing 15 

c  (inrrelc  ((iiiipDsitiori  2-in..  paper,  tar  and  gravel  50 

roMcrcte  coiiiposition  3-in.,  paper,  tar  and  gravel  45 

(Diicrete  composition  4-in.,  paper,  tar  and  gravel  10 

1-in.,  paper,  tar  and  gravel 20 

(>-in.,  paper,  tar  and  gravel 18 

Mil[ii|)()lii;m  3-in.,  paper,  tar  and  gravel  20 

l\I<lriipcilii;in  1-in.,  paper,  tar  and  gravel 15 

l-Iii.  wood  with  5  to  8-ply  paper,  tar  and  gravel  20 

1-In.  wood  with  felt  roofing 25 

1}^-In.  wood  with  5  to  8-ply  paper,  tar  and  gravel.  18 

2-In.  wood  with  5  to  8-ply  paper,  tar  and  gravel 15 

2}/^-In.  wood  with  5  to  8-ply  paper,  tar  and  gravel . 12 

2-In.  Federal  cement  tile,  paper  and  tar  and  gravel 50 

28 


Shiuglr-,,, 

Shiiit:!,-,,, 

.Sliiriglrs  ol 

Heiiilnn-.',! 

Heiij|\.r.,.,l 

Heillf.,r.r,l 

llollcw    til, 

H<>llo»  til. 

Table  3-15.     Roof  Glass  and  Skylights 
The  surface  to  be  considered  is  the  total  surface  of  glass  and  frame 


Construction  Basic  factor,  0  to  70° 


Wood 

i:^-"   I — » 1        1      \\  cod  sash,  single  glazed  . 

Glass -^ 


Wood  ^'  Glass 

" — T      1       Wood  sash,  double  gla/od  .  12 

I         \      Solid  metal  sash,  single  glazed . 90 


Glass - 
Solid  Ueial 


Glass 
Hollow  Metal 


_ti \       Hollow  iiu'tal  sash,  single  glazed  .  80 


Glass 
Solid  Meial  _^    Glass <,(,\[,[  ,,,,.,.,1  ^ash,  double  glazed 6.'i 

Glass 
Hollow  Meial  i^^'P=,       Hollow  metal  sash,  double  glazed 45 


Table  3-16.     Floors  Above  Cold   Space 

The  factors  are  for  0  to  TO  deg.  difference  in  temperatures.     For  any  other  diU'erence,  the  basic  factor 
should  be  corrected  in  accordance  with  chart,  Fig.  3-1 


Above  cold  space  Description  Basic  factor,  0  to  70° 


^^^^^^^^"^^"^^^'^^p'        Mill  construction,  3-in.  wood  and  paper  plus  "s-in.  surface  .      \'2 

Joists  — 

~[FP  Wood --''         ^>f '  1-ln.  single  wood  floor  on  joists.  2." 

Joists 
Wood      ^ 


'J~P                 Wood  "^          ^jj            2-lii.  doidde  wood  floor  on  joists.  .                         .                          15 
Joists 

Wood        

I    I"  ~   Joists  >1-  I  1-ln.  single  wood  floor  on  joists  witli  lath  and  plaster II 


I-  Joist  Wood    '     Joist  -[^r"  2-ln.  double  wood  floor  on  joists  witli  lath  and  plaster 


2-ln.  double  wooil  lloor  on  joists  with  insulation  and  latl 


1  and 


i:-rjoist       wood  '     Joist]  I ;      -  p,;,^,^,^ 

Insulation  '      Ljlli  and  Plaster 

Wood  ^ Wood- 

{:-'_.  ■;.  --_-^,..  5  V  ;'^;. /-^ -^-v  I       --In.  double  wood  floor  on  1-in  fireproof  concrete 6 


Wood-, 

31      1-ln.  wood  flooring  on  double  wood  and  -1-in.  fireproof  con- 
crete         l 


Zl        1-ln.  concrete  slab,  metal  reinforced TO 


Reinlorced  Concrete 

■^       6-In.  concrete  .slab,  metal  reinforeeil 60 


Reinlorced  Concrete  ' 

S)       8-In.  concrete  slab,  metal  reinforced 50 


Reinlorced  Concrete 
P^^"""  ''  • — '— '■>■•''•''       10-ln.  concrete  slab,  metal  reinforced 40 


Table  3-17.     Floors  Laid  on  Ground 

These  factions  are  for  0  to  7(1  (Iff;,  diircrcnce  in  temperature.  It  is  usual,  however,  to  assume  the 
temperature  of  the  ground  beneatli  the  lloor  as  .'50  deg.  fahr.  For  this  difference  the  above  basic  factor 
must  be  corrected  by  means  of  the  chart  in  Fig.  :?-1 


i^^       .,  y.^  /gaft  /-^''X  1-In.  single  wood  lloor  on  wood  sleep. rs 


Wood-.  Walerproolino^ 

,-,  r  2-In.  wood  floor  on   1-in.  water-proofed  concrete 


3-In.  double  wood  door  with  paper  between  on  sleepers  in 
4-in.  concrete 4 


w 


— -J  4-In.  concrete  floor  on  ground 


Cindtcfill                                             Gruuiid 
Tile   . 


4-ln.  concrete  floor  on  cinder  fill 


1-In.  tile  floor  on  4-in.  concrete 


2}4-In.  brick  floor  on  4-iii.  concrete 


Table  3-18.     Ceilings 

The  factors  are  for  0  to  70  deg.  difference  in  temperatures.     For  any  other  difference,  the  basic  factor 
should  be  corrected  in  accordance  with  chart.  Fig.  3-1 


,-^Wooil  laih     "F1  Wood  lath  and  plaster  on  joists 


Metal  lath  and  plaster  on  joists 


1-In.  single  wood  floor  on  joists  with  wood  lath  and  plaster  18 


2-In.  double  lloor  on  joists  with  wood  lath  and  plaster   14 


Wood    , 


1-In.  single  wood  floor  on  joists  with  stamped  metal  ceiling 
30 


CHAPTER  IV 

Air  Infiltration 

WIND  blowing  against  walls  causes  a  leakage  of  air  into  the  enclosure 
and  an  outward  leakage  from  the  enclosure  through  the  opposite 
sides.  Additional  leakage  is  caused  by  temperature  difference  within 
and  Avithout  regardless  of  Avind  velocity.  These  leakages  are  sometimes 
referred  to  as  air  change,  but  in  this  book  are  called  air  infiUraiion. 

As  the  air  enters  and  leaves  the  enclosure  at  different  temperatures, 
sufficient  B.t.u.  or  heat  units  must  be  provided  to  heat  this  air  between  the 
two  temperatures.  Air  infiltration  therefore  becomes  one  of  the  important 
factors  in  the  determination  of  the  heat  recjuirements  of  a  room  or  an  en- 
closure. 

Some  rules  for  heat  requirements  of  an  enclosure  regard  that  portion 
due  to  air  infiltration  as  an  additional  quantity  to  be  based  upon  an  arbi- 
trary liourly  air  change  or  upon  a  certain  percentage  of  the  best  trans- 
mission factor. 

Examination  of  tlie  air  infiltration  shows  that  most  of  the  air  leaks  are 
around  the  doors,  windows  and  other  similar  openings.  The  quantity  that 
expresses  the  heat  reciuirements  due  to  this  infiltration  of  cold  air  should 
therefore  be  based  upon  the  sum  of  the  openings  through  which  this  leakage 
occurs,  rather  than  upon  the  area  of  the  doors,  windows  and  similar  openings 
of  the  structure. 

Any  determination  of  the  quantity  of  air  infiltrated  must  take  into 
consideration  the  velocity  and  direction  of  the  wind  in  relation  to  the 
openings  of  the  enclosure.  Where  an  enclosure  has  openings  on  more  than 
one  side,  the  infiltration  for  all  openings  must  be  determined  and  the 
radiation  for  this  loss  proportioned  and  located  according  to  the  maximum 
degree  of  infiltration  that  may  occur  on  any  side.  This  method  will  give  an 
excess  of  radiation  on  the  sides  where  leakage  is  outward,  but  there  is  no  alter- 
nate without  having  some  sides  of  (he  room  feel  cool  at  some  ivind  direction. 

In  small  rooms  having  window  exposures  on  more  than  one  side,  and 
which  ordinarily  can  be  heated  with  one  radiator,  it  is  only  necessary  to 
consider  the  infiltration  for  the  side  of  maximum  exposure  and  locate  the 
radiation  on  that  side. 

The  leakage  in  narroAv  monitors  and  rooms  where  cold  drafts  will  not 
be  objectionable  may  be  considered  only  on  the  side  where  maximum  wind 
velocities  occur.  A  portion  of  the  heat  to  care  for  this  infiltration  can  then 
be  applied  to  the  other  side.  Where  the  wind  strikes  the  surface  at  an  angle, 
the  resultant  velocity  at  right  angles  to  the  surface  must  be  considered. 
This  is  equal  to  the  actual  velocity  times  the  sine  of  the  angle  of  incidence. 

Normally  the  same  maximum  wind  velocity  should  be  considered  on 
the  north  and  west  sides,  while  on  the  south  and  east  sides  one-hah"  of  these 
velocities  may  be  used  except  where  special  wind  conditions  exist. 


\  siicifjostod  extreme  condition  for  New  York  and  vicinity  would  be 
lo  miles  per  hr.  wind  velocity  with  a  tenii)erature  of  zero,  (icncnilly  low 
wind  velocities  prevail  at  extremely  low  temfK'ralnns. 

The  many  variables  make  reference  to  experiment  more  reliahle  tlian 
attempts  to  determine  theoretically  the  perimeter  air  infiltration  of  windows, 
doors  and  similar  openings.  Little  dependable  exiierinicntal  data  is  avail- 
able at  i)resent,  but  such  as  is  now  obtainable  musi  lie  used  as  a  basis 
until  better  is  to  be  had. 

i^^xperiments  on  air  inhUration  of  windows  have  been  made  by  using  a 
fan  to  direct  wind  velocities  against  a  test  window  set  in  the  side  of  a  light 
enclosure  and  having  an  opening  for  pitot  tulie  readings  on  the  opposite 
side.  Further  details  regarding  some  of  these  experiments  by  \\  bitten  will 
be  found  in  the  1908  Transactions  of  the  American  Society  of  Heating  and 
Ventilating  Engineers,  and  others  by  Voorhees  and  Meyer  in  the  1916 
Transactions. 

Similar  tests  are  being  contlucted  by  the  Itesearch  IJureaii  of  the 
American  Society  of  Heating  and  ^'entilating  Engineers  and  the  I'nited 
States  Bureau  of  Klines.  In  these  tests  natural  air  velocities  are  used  and 
the  infiltration  determined  by  reduction  in  carljon-dioxide  content  of  air 
in  the  room.  A  jireliminary  report  of  these  tests  describing  the  method  in 
detail  was  given  by  Mr.  O.  \V.  Armsj)ach  in  the  Journal  of  American  Society 
Heating  and  Ventilating  Engineers,  January,  1921. 

Figure  4-1  gives  the  approximate  leakage  in  cubic  feet  per  minute  per 
lineal  foot  of  sash  perimeter  for  double-hung  locked  windows,  with  and 
without  metal  weather  strips. 

The  type  and  construction  of  the  windows  to  be  used  should  be  definitely 
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known  before  the  infiltration  is  estimated  and  this  data  recorded  in  a  similar 
manner  to  data  regarding  the  type  of  walh  roof  or  other  construction  of  the 
enclosure. 

Due  allowance  should  he  made  for  special  sash.  The  meeting  rail 
must  be  considered  in  measuring  the  ])erimeter  of  doul)le-hinig  sash. 

In  windows  with  steel-section  frames  properly  bedded,  only  the  perim- 
eter of  that  portion  which  opens,  or  the  ventilating  sash,  need  be  considered. 

In  industrial  jjlants  where  it  is  intended  to  install  mechanical  exhaust 
systems  for  removing  dust  or  fume-laden  air.  special  means  must  be  provided 
to  care  for  the  corresponding  increase  in  infiltration  as  described  on  page  65 
of  (Chapter  7. 

For  well-fitting  doors  the  average  window  values  can  be  used,  but 
for  sliding  and  similar  poorly  fitting  doors,  as  used  in  industrial  buildings, 
the  values  for  a  poor  window  shoidd  be  used. 

The  leakage  values  as  read  from  Figure  4-1  when  multiplied  by  60  x 
0.0864  (density  of  air  at  zero)  xO.2375  (sp.  ht.  of  air),  will  give  the  heat 
units  per  hour  recjuired  to  warm  the  infiltrated  air  from  1  ft.  of  perimeter, 
1  deg.  fahr. 

Example:  Assume  an  average  doulile-himg  window  3  ft.  wide  by 
6  ft.  high  with  a  perimeter  of  21  ft.,  outside  temi)erature  zero,  inside  tempera- 
ture 70  deg.  fahr.  with  wind  velocity  of  15  miles  per  hr.  Referring  to 
Figure  4-1.  the  leakage  per  foot  of  perimeter  is  found  to  be  1.60.  Then  21x 
1.60x60x0.0864x0.2375x70  =  2893  B.t.u.  per  hr.  reciuired  to  heat  the  air 
infiltration  from  this  window. 

The  following  tables  will  be  found  useful  in  determining  the  heat 
units  required  to  care  for  the  infiltration.  These  values  are  for  plain  double- 
hung  windows.  If  equipped  with  a  good  metal  weather  strip,  use  20 
per  cent  of  the  tabulated  values. 


Table  4-1. 

B.t.u.  per  Hour  Required 

per 

Lineal  F 

lOt 

of  Pel 

inieter  for 

Windows 

Infiltration 

Cu.  ft.  per  min. 

Wind  vel. 

per  ft.  of 

Temperature  difference  inside  and  outside  of  enclosure 

Miles  per  hr. 

perimeter 

50' 

60  • 

65° 

70° 

80° 

5. 

.36 

■TT 

27 

29 

31 

35 

■n* 

i  .0 

.54 

32 

39 

42 

45 

52 

o"^ 

10. 

.  72 

44 

53 

58 

62 

71 

o-C 

15. 

1.08 

66 

80 

86 

93 

106 

20. 

1.42 

87 

105 

114 

122 

140 

5. 

.56 

34 

41 

45 

48 

55 

So» 

7.5 

.85 

52 

63 

68 

73 

84 

2t3 

10. 

1.12 

69 

83 

90 

97 

110 

15. 

1.68 

103 

124 

134 

145 

165 

20. 

2.22 

137 

164 

178 

191 

219 

5 . 

1.07 

66 

79 

86 

92 

105 

•  s 

t  .D 

1.60 

95 

115 

125 

134 

154 

s.i 

10. 

2.12 

131 

157 

170 

183 

209 

» 

15. 

3.12 

192 

230 

250 

269 

307 

20. 

4.07 

251 

301 

326 

351 

401 

CHAPTER  V 

Method  of  Calculating  Heat  Requirements 

CHAPTERS  I  and  2  give  llie  general  data  that  must  be  known  in 
ealculating  the  heat  reciuirements  of  any  stnielure.  Several  rules  and 
rorniuhie  have  been  devised  to  determine  the  amount  of  heat  that 
must  be  su|)plied  to  maintain  a  room  or  enclosure  at  a  predetermined 
temperature  with  a  known  surrounding  temperature.  Many  of  these 
formulae  were  derived  when  eonstruetion,  size  of  window  opening,  etc.,  were 
similar  and  are  not  flexible  enough  to  cover  the  ])roblems  of  today. 

If  the  air  within  an  enclosure  is  maintained  at  a  tem])erature  higher 
than  that  surrounding,  there  must  be  a  natural  transfer  of  heat  through 
the  enclosing  structure  to  the  air  of  lower  temperatures.  Tliis  transfer  may 
be  to  the  air  outside,  to  any  adjoining  rooms  and  to  air  above  and  below,  if 
these  are  at  lower  temperature  than  that  in  the  room. 

To  heat  the  enclosure  to  and  maintain  it  at  a  predetermined  temper- 
ature, an  erjual  amount  of  heat  must  be  supplied  at  the  rate  at  which  it  is 
transferred.  The  most  accurate  method  of  determining  the  fiuantity 
transferred  is  to  determine  the  hourly  rate  of  heat  transfer  from  the  heated 
enclosure  to  the  surrounding  air.  This  quantity  is  usually  calculated  in 
Britisli  thermal  units  per  hour;  that  is,  on  the  B.t.u.  basis. 

The  total  quantity  transferred  is  made  up  of  four  principal  heat 
requirements. 

The  first  is  the  heat  required  to  warm  to  the  desired  inside  temperature, 
the  air  that  leaks  in  through  the  various  openings  around  th(>  window  and  door 
perimeters,  etc.,  from  the  outside.  To  calculate  the  heat  units  for  these 
requirements,  the  width  and  lineal  feet  of  the  openings,  and  the  wind  velocity 
against  the  side  of  the  enclosure  where  the  openings  are  located,  must  be 
found,  and  with  these  data  the  air  infiltration  determined.  The  product  of 
the  air  infiltrated  in  cubic  feet  per  hour,  the  density  of  the  air,  its  specific 
heat  and  the  dirt'erence  between  the  inside  and  outside  temperatures  will 
give  the  heat  retiuired  i)er  hour  for  infiltration.  This  subject  is  further 
discussed  in  Chapter  f. 

The  second  is  the  heat  transmitted  through  the  various  materials  of 
which  the  enclosure  is  constructed.  To  calcidate  this  recjuirement,  the  area, 
thickness  and  kind  of  the  various  materials  through  which  this  transfer 
occurs,  and  the  tem])erature  difference  between  the  air  on  the  two  sides  of 
the  material  must  be  known. 

The  |)roduct  of  the  area  of  any  material  in  scpiare  feet,  the  transmission 
coefficient  for  that  material  in  B.t.u.  per  hour,  and  the  difference  between 
the  inside  and  outside  temperatures  will  give  the  heat  transmitted  per  hour 
through  that  material.  The  sum  of  cpiantities  so  found  for  all  materials 
of  the  structure  is  the  total  loss  of  lieat  from  the  enclosure  by  transmission. 

A  desired  maintained  interior  temperature  of  70  deg.  fahr.  and  a  mini- 
mum external  temperature  of  zero  have  been  adopted  in  this  book  as  a 
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standard.  All  transmission  coefficients,  therefore,  are  given  in  B.t.n.  per 
hour  per  square  foot  of  surface  for  this  temperature  difference,  with  correc- 
tion factors  for  other  differences. 

A  talile  of  these  factors  for  various  materials  used  in  building  con- 
struction will  l)e  found  on  pages  25  to  30. 

\  third  reciuirenient  enters  into  the  calculation  where  the  heating  is 
not  continuous.  This  may  he  referred  to  as  a  heating  requirement,  or  the 
heat  necessary,  to  raise  the  air  of  the  enclosure  from  its  initial  temperature 
to  the  desired  maintained  temperature.  It  is  evident  that  if  only  sufficient 
heat  is  supplied  to  comjjensate  for  the  air  infiltration  and  transmission 
requirements,  the  temperature  of  the  enclosure  would  approach  but  not 
reach  the  predetermined  temperatiu'e.  imless  additional  heat  units  are 
supplied  for  heating  an  amount  of  air  equivalent  to  the  cubic  contents  of  the 
space  to  be  heated.  To  calculate  this  requirement,  cubic  contents  of  the 
enclosure,  initial  and  final  temperatures  of  the  internal  air.  and  time  desired 
to  raise  the  air  through  this  temperature  range  must  lie  determined. 

The  product  of  the  quantity  of  air  in  cubic  feet,  the  density  of  the  air,  its 
specific  heat,  and  the  temperature  difference,  is  the  quantity  of  heat  required 
for  initial  heating  of  the  air.  If  this  quantity  be  then  nudtiplied  by  the 
reciprocal  of  the  heating-up  period  in  hours,  the  product  will  be  the  quantity 
of  heat  that  must  be  sujiplied  ])er  hour  during  the  heating-up  period,  to 
supply  the  heat  alisorl)ed  in  heating  the  air. 

A  fourth  heat  requirement  should  be  included  in  calcidations  where 
the  heating  is  not  continuous,  and  where  large  ((uantities  of  materials 
such  as  metal,  water,  glass,  etc..  are  stored  in  the  enclosure  and  must  be 
heated  like  the  air  contents,  from  initial  to  maintained  inside  temperature. 

The  product  of  the  weight  of  such  material  in  jtounds,  its  specific  heat 
and  the  desired  temperature  range  is  the  heat  absorbed  by  the  material. 

This  quantity  must  also  be  multiplied  by  the  reciprocal  of  the  heating- 
up  period  in  hours  to  obtain  the  liourly  heat  requirement  during  initial 
heating  to  compensate  for  this  absorption  of  heat.  The  longer  the  heating- 
up  period  selected  the  less  will  be  the  difference  in  the  hourly  requirements 
during  initial  and  maintained  heating. 

Where  large  (luantities  of  such  stored  materials  are  taken  into  and  re- 
moved from  the  enclosure  at  intervals  the  heat  al)Sorbed  by  these  materials 
must  be  considered. 

The  sum  of  these  four  re([uirements  gives  the  total  hourly  rate  at  which 
heat  must  be  supplied  to  maintain  the  enclosure  at  a  predetermined  tem- 
perature, or  to  raise  the  temperature  of  the  enclosure  from  its  initial  to 
predetermined  temperature,  as  the  case  may  he. 

Applying  this  method  of  calculating  heat  loss  requirements.  Figure  5-1 
represents  the  main  floor  of  a  residence  with  warm  basement  and  second 
floor.    Under  these  conditions,  no  ceiling  or  floor  loss  need  be  considered. 

The  quantities  taken  from  the  jjlan  and  the  basic  data  are  entered  on 
the  Heat-requirement  Computation  Slieet,  Table  5-1. 

The  requirements  are  figm-ed  for  each  exposed  side  as  in  Room  1. 
The  re(|uirement  for  the  north  side  is  12230  B.t.u..  for  the  east  side  -1830 
B.t.u..  for  the  west  side  1635  B.t.u.  and  the  B.t.u.  required  for  initial  heating 
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Fig.  5-1.     Plan  of  resideine  floor  usetl  as  basis  for  heat-requirement  luinputation  sheet.  Table  5-1 


of  the  air  contents  is  632.  making  a  total  maxinnun  ref|nireinent  of  19.327 
B.t.u.  per  hour.  The  heat  supply  for  this  room  should  he  placed  under 
the  north  window. 

The  requirements  in  B.t.u.  per  hour  as  taken  from  the  computation  and 
divided  in  a  similar  manner  are  marked  on  the  plan  for  each  room. 

Another  illustration  of  the  method  of  calculation  is  o^iven  in  the  Heat- 
requirement  Computation  Sheets.  Table  5-2.  for  the  factory  building  shown 
in  Figure  5-2. 

The  calculation  has  l)een  separately  made  for  the  sections  as  marked 
in  the  figure,  so  that  the  losses  may  be  proportioned  to  the  exposures. 

It  will  be  noted  that  the  correction  factors  are  used  to  change  the 
70-deg.  temperature-difference  coefficients  to  correct  values  for  the  given 
temperature  differences  which  may  vary  due  to  stratification. 

In  section  C.  the  calculations  for  the  north  and  south  walls  with  their 
windows  and  doors  from  the  floor  to  line  a — b  were  made  separatelv  from 
the  l)alance  of  the  losses  for  this  section. 

As  the  air  infiltration  from  the  upper  sash  would  not  be  felt  directly  by 
the  operators  in  the  building,  the  infiltration  has  been  calculated  for  only 
the  west  or  side  of  maxinuim  wind  velocity. 

The  infiltration  factor  for  the  doors  has  been  taken  as  that  of  a  poor 
window,  and  in  calculating  the  window  infiltration  losses  only  the  perimeter 
of  the  ventilating  portion  of  the  window  has  been  considered. 

The  requirements  for  the  various  walls  and  sections  as  taken  from  the 
calculations  are  marked  on  the  drawing  in  their  relative  locations. 
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SECTION  A  §  SECTION  C  ^  SECTION  B 

Fig.  5-2.     Factory  building  used  a?  basis  for  heat-retjiiireincnt  computation  sheet.  Table  5-2 
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CHAPTER  VI 

Method  of  (k)nipiilin^  and  Selecting 
Heating  Surface 

DETERMINATION  of  the  heating?  surface  depeuds  first  ii|)()ii  the 
total  hourly  heat  recjuireiueuts  which  are  assuuied  to  have  l)eeii 
calculated  as  described  iu  the  ])rece(Hiig  chapter.  The  heating 
surface  nuist  suj)])ly  heat  units  to  e({ual  the  requirements  and  should  he 
of  the  form  that  best  fits  the  conditions  for  the  room  or  enclosure. 

The  method  of  iieat  supply  must  iirst  be  determined — that  is,  wiiether 
the  heating  surface  is  to  be  direct,  indirect  or  direct-indirect.  The  last  two 
methods  are  used  principally  where  ventilation  nuist  be  considered  in  addition 
to  the  heating  ref{uirements.  although  the  indirect  method  is  considerably 
used  where  it  is  not  desired  to  have  the  surface  located  in  the  room  to  be  heated. 

Normally,  the  heat  should  be  supplied  at  the  locatiims  where  the  greatest 
requirements  occur,  and  this  is  generally  at  the  windows,  where,  in  addition 
to  a  high  transmission  requirement,  there  is  the  air  infiltration  rcfiuirement 
as  well. 

Rooms  or  enclosures  where  more  than  one  unit  of  radiation  is  to  be 
installed  should  have  the  heating  sin-face  divided  in  proportion  to  the 
reciuirements  of  the  spaces  served. 

Heating  surface  placed  uiuler  the  windows  should  not  j)roject  above  the 
sills,  should  be  as  wide  as  the  window  openings,  and  should  also  be  installed 
with  a  2}  2-iiiC'li  s])ace  l)etween  the  wall  and  the  surface,  as  this  distance  gives 
iiiaxinumi  elliciency  of  heat  emission. 

Direct  heating  sm-face,  inasmuch  as  it  is  used  in  a  large  majority  of 
installations,  should  be  considered  first.  Residences,  office,  school,  library, 
hospital  and    similar   buildings   usually    have    casl-iron    column    radiation 


Fig.  6-1.     Cast-iron  wall  radiation  on  side  walls  under  windows,  for  healing  a  factory  build 
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6-2.     Coniu-ctioiis  to  a  direct  liol-uairr  t>|»-  ladiiilur  showinj;  iiuiiluhitioii  supply  \ulve  ami 
thermostatically  actuated  return  tra|) 


together  with  some  cast-iron  wall  radiation.  Factory  and  manufacturing 
buildings  are  usually  heated  by  means  of  wrought-iron  or  steel  pipe  coils  or 
cast-iron  wall  radiation. 

Hot-water  pattern  radiation  is  preferable  for  those  systems  in  \\hich 
modidation  su]}])ly  valves  are  to  be  used.  The  supply  valve  should  be  placed 
at  the  upper  inlet  and  the  return  trap  at  the  lower  opening  diagonally 
opposite. 

Good  practice  in  the  use  of  groups  of  wall  radiation  suggests  that  no 
individual  group  exceed  30  ft.  in  length,  as  expansion  and  contraction 
become  an  imjiortant  factor  on  longer  groups.  Where  greater  lengths  of  this 
type  of  radiation  nmst  be  used,  the  supply  connection  should  be  made  at 
top  and  l)ottom  and  expansion  and  contraction  pro{)erly  j)rovided  for. 

Pipe  coil  practice  demands  a  spring  or  mitre  piece  in  the  coil  to  provide 
for  expansion  and  contraction,  and  the  desirable  length  is  limited  to  60  ft. 
not  including  the  mitre  piece.  Coils  should  be  securely  anchored  at  the 
return  header  so  as  to  throw  the  expansion  toward  the  mitre  end,  the  length 
of  which  should  be  not  less  than  one-twelfth  the  coil  length  for  1-in.  pipe 
and  one-tenth  for  13^^-in.  or  13>2-hi.  pipe. 
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Fig.   6-3.     Arrangement  of  cast-iron  wall  radiation  on  side  wail  of  a  factory  building 


1 

i 

+50 

i+40 

\ 

LU 

S  430 

\ 

\ 

\\ 

1+20 

\ 

\ 

g  +10 

\ 

V, 

0 

-^ 

' 

1        2         3        4         5        6         7         8         9       10       11       12       13       14       15       16       17       18       19       20       21 
Length  of  Radiator  in  Sections 
F"ig.  6-i.     Percentage  of  variation  in  heat  emitted  from  cast-iron   heating  surface  per  square  foot  for 
various  numbers  of  sections  as  compared  with  a  standard  10-section  radiator 

44 


The  anioutit  of  heat  emitted  from  any  given  tyjje  of  direct  heating 
surface  is  usually  stated  in  B.t.u.  per  hoiu-  per  square  foot  of  heating  surface. 
This  heat  is  given  off  in  two  ways,  by  convection  directly  to  the  air  which 
pas.ses  over  the  heated  surface,  and  by  radiation  directly  to  surrounding 
materials  iiulependent  of  that  carried  off  l)y  the  air.  The  heat  given  off'  by 
radiation  does  not  heat  the  air  through  which  it  passes.  l>ut  travels  in  straight 
lines  and  heats  the  objects  upon  which  it  impinges. 

After  selecting  the  type  of  surface  best  suited  for  tlu^  particular  case, 
the  number  of  square  feet  of  heating  surface  recjuired  should  be  deter- 
mined next.  The  total  number  of  heat  units  that  must  be  supplied  per  hour 
divided  by  the  heat  units  emitted  per  hour  per  square  foot  of  heating  surface 
gives  the  i-equired  surface  in  square  feet. 

Table  6-1  will  be  of  assistance  in  determining  the  heat  emitted  by  dif- 
ferent types  of  surface. 

Table  6-1.     B.t.u.  Emitted  per  Hour  per  Square  Foot  of  Heating  Surface* 
Radiators  10  Sections  Long 
Steam  Temperature,  215  deg.  fahr.    Room  Temperature,  70  deg.  fahr. 


Percent 

Number 

Height 

B.t.u. 

B.t.u. 

Total 

convected 

of 

of 

by 

by 

heat  of 

columns 

radiator 

convection 

radiation 

B.t.u. 

total  heat 

One 

.38  in. 

L^O 

106 

256 

58.6 

32  in. 

1.58 

108 

266 

59.4 

" 

26  in. 

162 

111 

273 

59.4 

23  in. 

160 

119 

279 

57.4 

20  in. 

166 

117 

283 

58.7 

Two 

45  in. 

118 

86 

234 

63. 

38  in. 

148 

92 

240 

62. 

32  in. 

154 

94 

248 

62. 

26  in. 

149 

106 

255 

58. 

" 

23  in. 

151 

109 

260 

58. 

" 

20  in. 

153 

112 

265 

58. 

Three 

iS  in. 

142 

76 

218 

65. 

38  in. 

147 

79 

226 

65. 

" 

32  in. 

158 

75 

233 

68. 

" 

26  in. 

166 

75 

241 

69. 

" 

22  in. 

166 

82 

248 

67. 

18  in. 

162 

92 

254 

64. 

Four 

4.5  in. 

149 

56 

205 

73. 

38  in. 

150 

60 

210 

71.5 

" 

32  in. 

151 

66 

217 

69.5 

26  in. 

155 

70 

225 

69. 

22  in. 

156 

76 

232 

67. 

" 

18  in. 

151 

87 

238 

63.5 

Wall  radiation 

3  in.  wide 

11  in. 

152 

171 

323 

47. 

"         " 

22  in. 

154 

1.56 

310 

49.7 

29  in. 

138 

157 

295 

48. 

Pipe  coil 

6-1  }4  in.  pipes 
8-lJ4in.     " 
10-114  in.     " 
12-114  in.     " 

360 
343 
330 
319 

*  John  R.  Allen.  .4.  S.  H.  <?''  V.  E.  Journal — January,  1920 

From  Table  (5-1  it  will  be  noted  that  low.  narrow  surface  is  most  efficient 
and  that  the  efficiency  decreases  as  the  height  and  width  increase. 
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Some  oilier  factors  and  their  effect  upon  the  efliciency  of  the  ra(liatiiif>: 
surface  are  worthy  of  explanation. 

The  precedin>j;  table  is  based  upon  a  radiator  10  sections  lonj^;.  As  the 
number  of  sections  decreases,  the  clliciency  increases,  due  to  increase  of  the 
more  efTicient  end-section  surface  in  |)r()|)orlion  to  total  licatinj:  surface; 
also  a  short  radiator  emits  proportionally  more  radiant  heat  than  a  longer 
one.  Figure  6-t  shows  the  effect  of  varying  the  number  of  sections,  and 
that  increasing  the  number  of  sections  above  10  has  not  as  nnich  effect  as 
decn>asing  the  number  below  10.  It  will  also  be  noted  that  a  1-section 
radiator  will  give  off  about  10  per  cent  more  heat  per  square  foot  of  surface 
than  one  10  sections  long. 
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Fig.  6-5.     Percentage  variation  in  heat  emitted  from  heating  surface  due  to  varying  the  steam 
temperature  from  215  deg.  fahr..  room  temperature  70  deg.  fahr. 
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^^'llere  215  deg.  fahr.  is  considered  as  tlie  standard  temperature  of 
steam  in  the  heating  surface,  tlie  effect  upon  the  heat  emission  of  the 
surface  due  to  varying  this  temperature  is  shown  in  Figure  6-5.  The 
percentage  variation  can  be  read  directly  from  the  curve. 

Example:  If  steam  at  a  temperature  of  230  deg.  fahr.  is  supphed  to 
the  radiator,  the  heat  emission  will  be  increased  12  per  cent  over  one 
suppUed  with  steam  at  215  deg.  fahr. 
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Fig.  6-6.     Percentage  variation  in  heat  emitted  from  heating  surface  due  to 

\  arvinir  the  rnniii  tpmneratiire  frniii  70  lipir    f 


The  surrounding  or  room  temperature  is  taken  at  70  deg.  fahr.  as  a 
standard.  The  effect  upon  the  heat  emitted  from  heating  surface,  due  to 
varying  this  temperature,  is  shown  graphically  in  Figure  6-6.  From  the 
curve  it  will  be  observed  that,  for  instance,  a  radiator  in  a  room  temperature 
of  60  deg.  fahr.  w  ill  emit  6  per  cent  more  heat  than  the  same  radiator  in  a 
room  temperature  of  70  deg.  fahr. 

The  effect  on  heat  emission  due  to  variation  in  steam  temperature  is 
much  greater  than  an  equal  temperature  variation  in  the  surrounding  or 
room  temperature. 

The  following  example  will  illustrate  the  use  of  the  curves  in  Figures 
6-4.  6-5  and  6-6  for  determining  the  heat  emission  under  given  conditions; 
it  is  desired  to  know  the  B.t.u.  emitted  per  hour  per  square  foot  of  heating 
surface  of  a  standard  cast-iron  radiator,  two  columns  wide,  38  in.  high, 
and  six  sections  long  when  supplied  with  steam  at  240  deg.  fahr.  and  located 
in  a  room  heated  to  80  deg.  fahr. 

Referring  to  Table  6-1,  a  similar  radiator  except  that  it  is  10  sections 
long,  gives  off  240  B.t.u.  per  hr.  per  sq.  ft.,  with  steam  at  215  deg.  fahr. 
in  room  temperature  70  deg.  fahr.  A  radiator  six  sections  long  is  4.5  per 
cent,  more  efficient   (Figure  6-4),  when  supplied  with  steam  at  240  deg. 
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Fig.  6-13 


Length  of  all  outlets  O  =  length  of  radiator 

Length  of  all  inlets  I  =  length  of  radiator 

Width  of  all  outlets  0  =  width  of  radiator  or  as 
given  in  table 

Screens  or  grilles  have  4 1  per  cent  free  area 
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fahr.,  the  efficiency  is  increased  20  per  cent  (Figure  6-5),  and  if  located  in  a 
room  heated  to  80  deg.  fahr.  there  is  a  decrease  in  eflQciency  of  6  per  cent 
(Figure  6-6).  The  heat  emission  of  the  radiator  required  would  be  240  x 
1.045  X  1.20  X  0.94  =  283  B.t.u.  per  hr.  per  sq.  ft.  of  radiating  surface. 

Painting  a  radiator  influences  only  the  heat  emitted  by  radiation,  the  con- 
vection factor  remaining  ])ractically  unclianged.  As  paint  alfects  tiie  surface 
only,  the  number  of  coats  makes  little  difference.  It  seems  to  depend  on  the 
last  coat  applied  and  when  made  of  flake  metal  the  result  is  more  marked. 

Direct  radiators  are  sometimes  set  l>ehind  grilles  or  screens,  in  window 
enclosures  or  wall  recesses,  all  of  which  greatly  decrease  the  efficiency  of 
the  radiation. 

Tests  by  Professor  Brabbee,  as  reported  by  George  Stumpf,  Heating 
and  Ventilating  Magazine,  May.  1914,  show  that  a  radiator  in  an  enclosure 
is  most  efficient  when  located  witli  2^2  inches  between  the  wall  and  radiator 
and  between  the  inside  of  the  enclosure  and  the  radiator.  AJjstracts  from 
these  tests  follow. 

The  inlet  and  outlet  openings  of  any  form  of  enclosure  should  extend  at 
least  the  entire  length  of  the  radiator.  The  width  of  the  outlet  is  usually 
made  that  of  the  radiator.  Tests  show  little  gain  in  efliciency  for  wider 
outlets,  but  a  decrease  of  about  5  per  cent  for  each  inch  narrower  than 
that  of  the  radiator. 

The  outlets  and  inlets  in  Tables  6-7  to  6-13  are  the  full  length  of  the 
radiators.  The  width  of  outlet  0  is  the  width  of  the  radiator  except  in  Table 
6-4,  where  it  is  as  uiven.     The  width  of  inlet  I  is  as  stated  in  the  tables. 


Fig.  6-14.     An  enclosed  radiator  having  grilles  or  screens  on  front  and  top  of  enclosure.     The 
modulation  supply  valve  control  is  shown  on  top  of  enclosure 


Both  ()j)oninfrs  are  covered  willi  screen  of  14  per  cent  free  area. 

\\\v  (lesifrn  of  tlie  screen  or  fxrille  lias  no  effect  i)rovi(le(l  the  free  area 
is  iiol  (•lianfi;''(l. 

Fifiure  ()-7  shows  a  form  of  enclosnre  freqnently  used. 

Table  6-2.    Decrease  in  Radiator  Efficiency  with  Form  of  Enclosure  Shown  in  Fig.  6-7 

Radiator  width  Radiator  height  Width  of  I  Decrease  in  efficiency 

Two-column  42  in.  and  over  9  in.  15% 

Under  12  in.  9  in.  20% 

Under  42  in.  $  in.  25% 

Thrcc-rolumn  42  in.  and  over  9  in.  15% 

32  in.  to  :!8  in.  9  in.  15% 

32  in.  to  38  in.  7  in.  20% 

26  in.  and  under  9  in.  20% 

"  "  26  in.  and  under  5  in.  25% 

If  the  width  of  inlet  is  made  e(|iial  to  the  free  area  and  not  .screened,  the 
efficiency  reduction  will  remain  as  above. 

Another  form  of  enclosure,  Figure  6-8,  gives  the  effect  upon  the  radi- 
ation efficiency  as  shown  in  Table  6-3. 

Table  6-3.     Decrease  in  Radiator  Efficiency  with  Fonii  of  Enclosure  Shown  in  Fig.  6-8 
Radiator  width  Radiator  height  Width  of  O  Width  of  I         Decrease  in  efficiency 

Two-column                        42  in.  and  over  8  in.  8  in.  20% 

32  in.  to  38  in.  9  in.  9  in.  20% 

32  in.  to  38  in.  7  in.  7  in.  25% 

26  in.  and  under  6  in.  6  in.  33% 

Three-column  26  in.  and  over  $^n-  9  in.  20% 

"  "  26  in.  and  over  _..6in.  6  in.  25% 

Enclosure  of  the  form  shown  in  Figure  6-9  is  sometimes  used  and  by 
test  gives  the  following  effect: 

Table  6-4.    Decrease  in  Radiator  Efficiency  with  Form  of  Enclosure  Shown  in  Fig.  6-9 

Perforated  screen  full  front  of  enclosure  only — decrease  in  efficiency 20% 

Same  screen  with  deflector —  "  "  "        15% 

If  an  outlet  O  is  provided  in  addition  to  front  screen  and  made  equal  to 
width  and  length  of  the  radiator,  the  efficiency  decreases  only  10  per  cent. 

Sometimes  it  is  desirable  to  set  the  radiators  in  wall  recesses,  as  shown 
in  Figures  6-10  and  6-13  which  causes  a  decrease  in  efficiency  as  follows: 

Table  6-5.    Decrease  in  Radiator  Efficiency  Due  to  Wall  Recess  Fig.  6-10 

When  0  =  13^  inches — decrease  in  efficiency 11% 

"     0  =  3  "  "         "         "         7.3% 

"0  =  4       _J'  6% 

The  distaif^e  a  has  little  or  no  effect,  and  therefore  need  only  be 
sufficient  for  connections  to  the  radiator. 

A  shield  in  front  of  a  radiator  as  shown  in  F'igure  6-11  increases  the 
radiator  efficiency  as  follows: 
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Fip.  6-1').     An  onclospfl  radiator  in  a  window  seat,  with  prilles  of  rattan  cane.    The  modulation 
supply  valve  control  is  placed  on  the  window  seat 

Table  6-6.     Increase  in  Radiator  Efficiency  by  Use  of  a  Shield  Fig.  6-11 

Height  of  shield,  H 52  in.  .52  in.  .52  in.  72  in. 

Width  of  open  slot,  1 6>^  in.  9  in.  12  in.  12  in. 

Increase  in  efficiency 2.2%  6.3%  12. 3%  13% 

.\notlier  form  of  enclosure,  shown  in  Fioiire  ()-l2,  by  test  gives  tiie  fol 
lowing  effect  upon  the  radiator  efficiency : 

Table  6-7.     Decrease  in  Radiator  Efficiency  with  Form  of  Enclosure  Shown  in  Fig.  6-12 


Width  I .. 

Decrease  in  efficiency 


10% 


6  in. 
15% 


3  in. 
33r,, 


Table  6-8.     (^.omparative  B.t.u.    Transmission  and  Cost  of  Cast-iron  Heating  .Surface 
Based  on  3-colunui  30-in.  radiation  as  1.00 


Rad. 

Relative  cost  of  radiator  per  sq.  ft. 

B.t.u.  given 

off  per  sq.  ft. 

Relat 

ee  cost  based  on  heating 

efficiency 

height 

1 

2 

3 

4 

I 

2 

3 

4 

I 

2 

3 

4 

Column 

Colunms 

Columns 

Columns 

Col. 

Col's 

Col's 

Col's 

Column 

Columns 

Columns 

Columns 

18" 

1.43 

1.43 

234 

238 

1.27 

1    36 

20" 

1.49 

1.13 

283 

265 

1.19 

1  22 

9'>" 

1.28 

1.28 

2t8 

232 

1.17 

1    25 

23" 

1.38 

1.31 

279 

260 

1.10 

1.14 

26" 

1.30 

1.25 

1   18 

1.18 

273 

255 

241 

225 

1.08 

1.11 

1.10 

1.18 

32" 

1.18 

1.13 

1.08 

1.08 

266 

248 

233 

217 

1.01 

1.03 

1.04 

1.12 

38" 

1.09 

1.04 

1.00 

1.00 

256 

240 

226 

210 

.96 

.93 

1.00 

1.08 

45" 

1.04 

1.00 

1.00 

234 

218 

205 

1.01 

1.04 

1.11 

These  tables  are  based  on  investigations  of  10-section  radiators 

For  Radiators  under  6-section,  the  B.t.u.  per  sq.  ft.  increases  rapidly  and  the  tables  cannot  be  used 
with  accuracy.    Above  6-section  the  error  is  small 


Tahlc  ()-}{  will  !)('  of  iiitcrcsl  as  il  conipaivs  the  relative  costs  of  cast- 
iron  heating  sin-facc  of  dittVivnl  licifihts  an(l  nunilx-r  of  coiuinns  whore  the 
efficiency  of  the  surface  is  taken  into  consideration. 

As  an  exanij)le.  comj)are  tlie  relative  cost  of  .'J-colunin  38-in.  with 
single-column  23-in.  surface.  The  3-cohnnn  surfac(>  cost  is  figured  as  1.00 
and  it  emits  226  B.t.u.  per  sc].  ft.  per  hr.  The  singl(>-column  radiator 
cost  is  1.36  hut  it  emits  219  B.t.u.  per  s(|.  ft.  per  hr.  Although  the  actual 
cost  i)er  s(|uare  foot  for  the  single-column  radiator  is  36  per  cent  more  than 
for  the  3-column,  the  1 -column  radiator  is  23  per  cent  more  efficient  in 
heat  emission.  If  this  increase  in  heating  efficiency  is  considered,  the  cost 
of  the  single-colunm  radiation  is  only  10  ])er  cent  more. 

Indirect  heating  surface  generally  refers  to  that  loc-ated  below  and 
outside  of  the  room  to  be  heated.  (See  Figure  6-1 6.)  The  heat  is  delivered  to 
the  room  by  a  system  of  ducts  that  convey  fresh  air  from  outside.  The  air 
passes  over  the  surface,  is  heated  and  then  discharged  into  the  room  through 
register  faces  located  in  the  room  floor  or  wall.     This  methofl  of  heating  is 


l"i{,'.  6-16.     Connections  to  an  indirect  radiator 
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called  f/v'.s7;  air  iNdiirrf.  as  a  constant  supply  of  fresh  heated  air  is  delivered 
into  the  room.  The  cold  air  duct  is  sometimes  so  arranged  that  outside  air  may 
be  closed  ort"  and  air  taken  from  the  basement  in  extreme  cold  weather. 

^Yhere  the  air  supply  is  taken  from  the  room,  passed  over  the  heating 
surface  and  then  discharged  into  the  room  again,  the  method  is  known 
as  recirculafing  indirect. 

In  either  system  no  heating  surface  is  located  in  the  room  to  be  heated. 

The  indirect  method  of  heating  is  most  used  in  the  principal  rooms  of 
residences,  chilis,  churches  and  similar  types  of  buildings,  and  is  nuich 
more  expensive  to  install  and  to  operate  than  is  the  direct  system. 

AH  rooms  heated  by  the  fresh  air  indirect  system  must  be  provided 
with  vents  for  the  escape  of  the  air  replaced  by  that  delivered  by  the  ""  indirect 
stack,"  as  this  type  of  heating  surface  is  often  called. 

Many  variable  factors,  each  of  prime  imjiortance,  enter  into  an  accurate 
calculation  of  the  proper  proportions  of  a  system  of  this  type.  These  vari- 
ables include  velocity  and  direction  of  the  wind,  frictional  resistance  to  the 
air  flow  in  the  ducts,  and  the  loss  of  heat  due  to  transmission  through  the 
walls  of  hot-air  ducts. 

Each  manufacturer  of  heating  svu'face  for  this  system  has  his  own 
special  design,  which  is  usually  sold  by  catalogue  ratings  in  sciuare  feet  of 
surface.  Relial>le  data  as  to  the  free  area  between  sections  and  the  heating 
effect  under  the  variable  conditions  of  steam  and  air  temperatures  at  various 
air  velocities  are  unfortimately  not  available  for  each  make  of  heating 
surface  u.sed  in  this  methotl  of  heating.  Projjer  values  are  very  difficult  to 
assign  to  the  variable  factors,  and  the  several  rules  for  determining  the 
proper  proportions  of  such  a  system  are  all  l)asetl  upon  some  standard 
conditions  and  assumptions. 

The  general  principle  of  an  indirect  system  is  the  delivery  of  air  to  the 
room  at  a  temperature  higher  than  that  of  the  room,  and  in  such  volume 
that  in  cooling  to  room  temperature,  sufficient  heat  units  are  given  up  to 
replace  those  required  for  transmission,  infiltration  and  other  requirements. 

The  requirements  for  this  method  of  heating  are  usually  computed  in 
the  following  way: 

First:  Calculate  the  total  heat  retjuirements  in  B.t.u.  ])er  hour  for  the 
room  to  be  heated  as  descril)ed  in  Chapter  5. 

Second:  Determine  the  height  of  the  colunm  of  healed  air:  that  is.  the 
distance  from  center  of  indirect  stack  to  center  of  the  room  register. 

Third:  Assume  the  temperature  of  the  air  entering  the  room.  'Fliis  is 
usually  taken  about  f20  deg.  fahr.  where  air  enters  the  radiator  at  zero  and 
the  radiator  is  supplied  with  steam  at  atmos])heric  pressure  or  slightly  above. 

Fourth:  Determine  the  velocity  of  air  due  to  difference  in  densities 
between  heated  and  outside  air  for  colunuis  of  equal  height. 

Fifth:  Ascertain  from  the  manufacturer  of  the  selected  tyjie  of  heating 
surface  the  velocity  at  which  air  must  pass  through  the  surface  to  produce 
the  final  required  temperature,  when  the  siu'face  is  supplied  with  steam  at  a 
predetermined  temperatiu'e  and  air  enters  the  heating  stack  at  the  minimum 
outside  temperature.  Ascertain  also  the  temperature  of  the  air  on  which 
this  performance  is  based,  the  free  area  between  the  sections,   and  the 
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miinhor  of  square  feol  of  heating  surface  per  section. 

Tlie  amount  of  heating  surface  may  then  he  (leU-iiniued  as  follows: 

II  =  total  B.t.u.  losses  per  hour  for  the  room. 

t.   =  temperature  of  air  entering  the  room. 

t:  =  temperature  of  air  in  room  (room  temperature). 

I,  =  temperature  of  air  on  which  heating  surface  performance  is  based. 

d  =density  of  air  at  temperature  t. 

V  =  performance  velocity  of  air  in  fe(>t  per  minute. 

a   =frec  area  per  section  of  heating  surface  in  square  feet. 

TT 

-  .  =  pounds  of  air  requinnl  per  miiuile  =  P 

where  0.237.5  is  the  specific  heat  of  the  air. 

P 

-r  =  cubic  feet  of  air  per  minute  at  h. 

P 

-^  -^av  =  number  of  sections  of  heating  surface  required  from  which 

the, square  feet  of  heating  surface  can  be  determined. 
The  sizes  of  the  ducts  or  flues  for  conveying  the  air  to  and  from  the 
heating  surface  are  dependent   upon  the  velocity  of  the  air  due  to  the 
unbalanced  air  colunm.      This  velocity  may   be  determined  theoretically 
from  lh<»  formula: 

,5j^  /h  (t-t..) 
in  which  ''=%'460  +  t„ 

v  =  velocit\  in  fe(>t  per  minute. 

h  =  height    of  w  arm   air  column  in   feet   or   distance    from   center   of 

heating  surface  to  center  of  register, 
t  =  average  temperature  of  air  in  column. 
tn  =  average  temperature  of  outside  air. 

To  allow  for  friction  in  ducts,  through  heating  surface,  register  face 
and  elsew  here,  velocities  of  one-third  of  the  theoretical  may  be  assumed. 
The  area  of  the  hot-air  duct  may  be  determined  as  follows: 

,        .  .     ,  IWP 

Area  m  square  niches  =  — -, — 
•  d  V 

in  which 

P  =  pounds  of  air  required  per  minute. 

d  =  density  of  air  at  average  temperature  in  hot-air  duct. 

V  =  velocity  in  feet  per  minute  in  duct. 

The  register  can  have  a  free  area  equal  to  the  area  of  the  hot-air 
duct  where  velocity  in  hot-air  duct  is  not  in  excess  of  300  ft.  per  niin.  For 
higher  velocities  the  register  area  shoidd  l)e  increased.  The  area  of  the  cold- 
air  duct  can  be  determined  in  a  manner  similar  to  the  hot-air  duct  area, 
using  density  of  tiie  air  at  the  cold  inlet  temiierature. 

Direct -indirect  heating  siu'face.as  the  name  implies,  consists  of  radiators 
arranged  so  that  a  portion  of  eac"li  serves  on  the  indirect  principle  and  the 
remainder  as  a  direct  radiator ;   the  entire  surface,  however,  is  located  in  the 
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room  to  be  heated.  This  combination  is  accoiii{)hshod  by  providing  a  direct 
radiator  and  installing  a  metal  box  base  under  some  of  the  sections.  Cold 
fresh  air  is  taken  from  tlie  outside  of  tlie  building  directly  tlirough  the  wall 
and  connected  to  this  box  base.  The  fresh  air  passes  up  through  its  portion  of 
the  surface  into  the  room.  The  balance  of  the  surface  acts  as  plain  direct 
heating  surface. 

This  method  of  heating  lias  come  into  quite  general  use  in  recent  years 
in  some  localities  w  here  the  state  ventilation  laws  for  public  buildings  specify 
either  the  quantity  of  air  to  be  supplied  per  minute  per  person,  or  the  number 
of  square  inches  of  fresh-air  inlet  duct  per  person.  The  latter  requirement 
can  be  met  with  this  type  of  heating  surface. 

The  size  of  the  opening  in  the  w  all  or  the  wall  box  determines  the  size 
of  the  box  base,  and  the  number  of  sections  of  the  radiator  enclosed  by  the 
l)ox  base  are  to  be  considered  as  available  only  for  heating  the  incoming  air. 

Sufiicient  additional  direct  heating  surface  must  be  provided,  either  by 
adding  sections  to  the  radiator,  extending  same  outside  of  the  box  base  on 
either  end,  or  by  installing  separate  units  for  supplying  the  heat  necessary 
for  reciuirements  of  the  wall,  glass    and  infiltration,  as  already  mentioned. 

\ent  flues  nuist  be  extended  from  all  rooms  heated  and  ventilated  by 
this  method. 

In  order  to  obtain  desired  air  movement  and  prevent  back  draft  in  flues, 
they  must  have  aspirating  radiation  or  rotary  type  ventilators. 

The  radiation  best  suited  for  direct-indirect  surface  is  that  with  high 
and  wide  sections.  One  manufacturer  of  the  most  modern  devices  for  this 
type  of  system  states  the  size  of  the  ventilating  base,  together  with  its  capac- 
ity, fresh-air  inlet  area  and  amount  of  radiating  surface  to  be  enclosed,  as 
given  in  Table  b-9. 

Table  6-9.     Data  for  Direct-uidirect  Heating  Surface  Offered  by  Oue 
Manufacturer.     Not  Standard  for  Other  Similar  Equipment 


Capacity  in 

Area  of  fresh 

Size  of  wall  box 

cu.  ft.  per  min. 

air  opemng 

Heating  surface 

8      in.  X  20  in. 

180 

120  sq.  in. 

50  sq.  ft. 

8      in.  X  24  in. 

240 

114 

50 

8      in.  X  30  in. 

300 

180 

60 

10}^  in.  X  20  in. 

270 

160 

50 

103^  m.  X  24  in. 

330 

192 

60 

lOH  in.  X  30  in. 

420 

240 

60 

As  an  example  of  selecting  and  computing  heating  surfaces,  refer  to  the 
heat  requirements  as  shown  on  Pages  38-39  for  the  various  rooms  in  Figure 
5-1,  Page  36,  and  assume  that  steam  will  be  u.sed  at  21.5  deg.  fahr.,  or  1-lb. 
per  sq.  in.  pressure. 

Room  3  requires  a  total  of  22933  I^.t.u.  per  hr.  and  is  to  be  heated 
by  means  of  direct  radiation.  The  window  sills  are  21  in.  high.  There- 
fore, 23-in.  high  radiators  should  be  installed.  For  a  room  of  this  size,  it 
appears  that  2 -column  radiation  shoidd  give  sufficient  surface.  The 
B.t.u.  emitted  by  2-column,  23-in.  high  radiation  is  given  in  Table  6-1 


Table  6-10.     Surface  in  S(]iiare  Feet  of  One  to  Twelve  114-ineli  Pipe  Coil, 

1  to  100  Feet  Long 

(For  other  sizes  of  pipe,  see  note  at  bottom  of  next  page.) 


Number  of  IJ4' 

pipes 

Length 

of  coil 

in  feet 

1 

2 

3 

4 

s 

6 

7 

8 

9 

10 

11 

12 

Square 

eet  of  heating  surface 

1 

0.43 

0.86 

1.29 

1. 

72   2. 

15   2.5 

8   3. 

01    3. 

44   3.87 

4.30 

4. 

■3   5.16 

2 

1 

2 

3 

3 

4 

5 

6 

7 

8 

9 

9 

10 

3 

1 

3 

4 

5 

6 

8 

9 

10 

12 

13 

14 

15 

4 

•2 

3 

5 

7 

9 

10 

12 

14 

15 

17 

19 

21 

■S 

- 

4 

6 

9 

11 

13 

15 

17 

19 

22 

24 

26 

6 

3 

5 

8 

10 

13 

15 

18 

21 

23 

26 

28 

31 

7 

3 

6 

9 

12 

14 

18 

21 

24 

27 

30 

33 

36 

8 

3 

7 

10 

U 

17 

21 

24 

28 

31 

34 

38 

41 

9 

4 

8 

12 

15 

19 

23 

27 

31 

35 

39 

43 

46 

10 

4 

9 

13 

17 

22 

26 

30 

34 

39 

43 

47 

52 

11 

5 

9 

14 

19 

24 

28 

33 

38 

43 

47 

52 

57 

12 

5 

10 

15 

21 

26 

31 

36 

41 

46 

52 

57 

62 

13 

6 

11 

17 

22 

28 

34 

39 

45 

50 

56 

61 

67 

14 

6 

12 

18 

24 

30 

36 

42 

48 

54 

60 

66 

72 

15 

6 

13 

19 

26 

32 

39 

45 

52 

58 

65 

71 

"" 

16 

7 

14 

21 

28 

34 

U 

48 

55 

62 

69 

76 

83 

17 

7 

15 

22 

29 

37 

44 

51 

58 

66 

73 

80 

88 

18 

8 

15 

23 

31 

39 

46 

54 

62 

70 

77 

85 

93 

19 

8 

16 

25 

33 

41 

49 

57 

65 

74 

82 

90 

98 

20 

9 

17 

26 

34 

43 

52 

60 

69 

86 

95 

103 

21 

9 

18 

27 

36 

45 

54 

63 

-■2 

81 

90 

99 

108 

22 

9 

19 

28 

38 

47 

57 

66 

76 

85 

95 

104 

114 

23 

10 

20 

30 

40 

49 

59 

69 

79 

89 

99 

109 

119 

24 

10 

21 

31 

41 

52 

62 

72 

83 

93 

103 

114 

124 

25 

11 

22 

32 

43 

54 

65 

75 

86 

97 

108 

118 

129 

26 

11 

22 

34 

45 

56 

67 

78 

89 

101 

112 

123 

134 

27 

12 

23 

35 

46 

58 

70 

81 

93 

104 

116 

128 

139 

28 

12 

24 

36 

48 

60 

72 

84 

96 

108 

120 

132 

144 

29 

12 

25 

37 

50 

62 

75 

87 

100 

112 

125 

137 

150 

30 

13 

26 

39 

52 

65 

90 

103 

116 

129 

142 

155 

31 

13 

27 

10 

53 

67 

80 

93 

107 

120 

133 

117 

160 

32 

14 

28 

41 

55 

69 

83 

96 

110 

124 

138 

151 

165 

33 

14 

28 

43 

57 

71 

85 

99 

114 

128 

142 

1.56 

170 

34 

15 

29 

44 

58 

73 

88 

102 

117 

132 

146 

161 

175 

35 

15 

30 

45 

60 

75 

90 

105 

120 

1.35 

151 

166 

181 

36 

15 

31 

46 

62 

77 

93 

108 

124 

139 

155 

170 

186 

37 

16 

32 

48 

64 

80 

95 

111 

127 

143 

159 

175 

191 

38 

16 

33 

49 

65 

82 

98 

114 

131 

147 

163 

180 

196 

39 

17 

34 

50 

67 

84 

101 

117 

134 

151 

168 

184 

201 

40 

17 

34 

52 

69 

86 

103 

120 

138 

155 

172 

189 

206 

41 

18 

35 

53 

71 

88 

106 

123 

141 

159 

176 

194 

212 

42 

18 

36 

54 

72 

90 

108 

126 

144 

163 

181 

199 

217 

43 

18 

37 

55 

74 

92 

111 

129 

1J8 

166 

185 

203 

222 

44 

19 

38 

57 

76 

95 

114 

132 

151 

170 

189 

208 

227 

45 

19 

39 

58 

'" 

97 

116 

135 

155 

174 

194 

213 

232 

46 

20 

40 

59 

79 

99 

119 

138 

158 

178 

198 

218 

237 

47 

20 

10 

61 

81 

101 

121 

141 

162 

182 

202 

222 

243 

48 

21 

41 

62 

83 

103 

124 

144 

165 

186 

206 

227 

248 

49 

21 

42 

63 

84 

105 

126 

147 

169 

190 

211 

232 

253 

50 

22 

43 

65 

86 

108 

129 

151 

172 

194 

215 

237 

258 

Table  6-10.     Surface  in  Square  Feet  of  One  to  Twelve  ll/j-inch  Pipe  Coil, 
1  to  100  Feet  Long — Continued 


Number  of 

1'4"  pipes 

Length 

of  coil 

in  feet 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Square  feet  of  heating  surface 

51 

22 

44 

66 

88 

110 

132 

154 

175 

197 

219 

241 

263 

52 

22 

45 

67 

89 

112 

134 

157 

179 

201 

224 

246 

268 

53 

23 

46 

68 

91 

114 

137 

160 

182 

205 

228 

251 

273 

54 

23 

46 

70 

93 

116 

139 

163 

186 

209 

232 

255 

279 

55 

24 

47 

71 

95 

118 

142 

166 

189 

213 

237 

260 

284 

56 

24 

48 

72 

96 

120 

144 

169 

193 

217 

241 

265 

289 

57 

25 

49 

74 

98 

123 

147 

172 

196 

221 

245 

270 

294 

58 

25 

50 

75 

100 

125 

150 

175 

200 

224 

249 

274 

299 

59 

25 

51 

76 

101 

127 

152 

178 

203 

228 

254 

279 

304 

60 

26 

52 

"7 

103 

129 

155 

181 

206 

232 

258 

284 

310 

61 

26 

52 

79 

105 

131 

157 

184 

210 

236 

262 

289 

315 

62 

27 

53 

80 

107 

133 

160 

187 

213 

240 

267 

293 

320 

63 

27 

54 

81 

108 

135 

163 

190 

217 

244 

271 

298 

325 

64 

28 

55 

83 

110 

138 

165 

193 

220 

248 

275 

303 

330 

65 

28 

56 

84 

112 

140 

168 

196 

224 

252 

280 

307 

335 

66 

28 

57 

85 

114 

142 

170 

199 

227 

255 

284 

312 

341 

67 

29 

58 

86 

115 

144 

173 

202 

230 

259 

288 

317 

346 

68 

29 

58 

88 

117 

146 

175 

205 

234 

263 

292 

322 

351 

69 

30 

59 

89 

119 

148 

178 

208 

237 

267 

297 

326 

356 

70 

30 

60 

90 

120 

151 

181 

211 

241 

271 

301 

331 

361 

71 

31 

61 

92 

122 

153 

183 

214 

244 

275 

305 

336 

366 

72 

31 

62 

93 

124 

155 

186 

217 

248 

279 

310 

341 

372 

73 

31 

63 

94 

126 

157 

188 

220 

251 

283 

314 

345 

377 

74 

32 

64 

95 

127 

159 

191 

223 

255 

286 

318 

350 

382 

75 

32 

65 

97 

129 

161 

191 

226 

258 

290 

323 

355 

387 

76 

33 

65 

98 

131 

163 

196 

229 

261 

294 

327 

359 

392 

77 

33 

66 

99 

132 

166 

199 

232 

265 

298 

331 

364 

397 

78 

34 

67 

101 

134 

168 

201 

235 

268 

302 

335 

369 

402 

79 

34 

68 

102 

136 

170 

204 

238 

272 

306 

340 

374 

408 

80 

34 

69 

103 

138 

172 

206 

241 

275 

310 

344 

378 

413 

81 

35 

70 

104 

139 

174 

209 

244 

279 

313 

348 

383 

418 

82 

35 

71 

106 

141 

176 

212 

247 

282 

317 

353 

388 

423 

83 

36 

71 

107 

143 

178 

214 

250 

286 

321 

357 

393 

428 

84 

36 

72 

108 

144 

181 

217 

253 

289 

325 

361 

397 

433 

85 

37 

73 

110 

146 

183 

219 

256 

292 

329 

366 

402 

439 

86 

37 

74 

111 

148 

185 

222 

259 

296 

333 

370 

407 

444 

87 

37 

75 

112 

150 

187 

224 

262 

299 

337 

374 

412 

449 

88 

38 

76 

114 

151 

189 

227 

265 

303 

341 

378 

416 

454 

89 

38 

77 

115 

153 

191 

230 

268 

306 

344 

383 

421 

459 

90 

39 

'~ 

116 

155 

194 

232 

271 

310 

348 

387 

426 

464 

91 

39 

78 

117 

157 

196 

235 

274 

313 

352 

391 

430 

470 

92 

40 

79 

119 

158 

198 

237 

277 

316 

356 

396 

435 

475 

93 

40 

80 

120 

IhO 

200 

240 

280 

320 

360 

400 

440 

480 

94 

40 

81 

121 

162 

202 

243 

283 

323 

364 

404 

445 

485 

95 

41 

82 

123 

163 

204 

245 

286 

327 

368 

409 

449 

490 

96 

11 

83 

124 

165 

206 

248 

289 

330 

372 

413 

454 

495 

97 

42 

83 

125 

167 

209 

250 

292 

334 

375 

417 

459 

501 

98 

42 

84 

126 

l(i9 

211 

253 

295 

337 

379 

121 

464 

506 

99 

43 

85 

128 

170 

213 

255 

298 

341 

383 

426 

468 

511 

100 

43 

86 

129 

172 

215 

258 

301 

344 

387 

430 

473 

516 

Note:  For  all  practical  purposes,  figure  1-3  sq.  ft.  of  outside  surface  per  lineal  foot  of  1-in.  pipe;  and  1-2  sq.  ft.  for  1  1-2  i 


as  2()()  l).t.ii.  per  lir.  per  s(|.  fl.  of"  siiri'aco.  As  lliese  radiators  will  he  20 
sections  loiiir  insl<>ad  of  the  standard  10,  on  wiiicli  tho  alune  oflitiency  was 
based,  the  elliriency,  or  P>.l.u.  eniilted  will  Ix'  reduced  by  3.5  per  cent, 
niakinjj:  an  actual  elliciency  of  231.  This  divided  into  the  total  heat  re(juire- 
ments  pives  91  sq.  ft.  of  heating  surface  retjuired,  which  is  supplied  by  two 
units  of  16- .J  sq.  ft.  each  as  marked  on  the  plan. 

Data  as  above  for  deterniinatioii  of  the  other  units  are  marked  on  the 
plan.  Iloom  7,  which  is  to  be  heated  by  indirect  surface,  is  calculated 
as  follows:  The  total  requirements  for  the  east  side  are  13058  B.t.u.  per  hr., 
and  assuming  that  the  air  enters  the  room  at  120  deg.  fahr.,  the  pounds  of 
air  required  in  accordance  with  formula  on  Page  54  would  be  18.2  per  minute. 

Vento  radiation  30  inches  long  on  1-in.  centers  gives  a  temperature 
rise  of  air  from  zero  to  120  (leg.  fahr.  at  100  ft.  per  min.  velocity,  measured 
at  70  d(>g.  fahr.  volume.    The  free  area  per  section  is  0.225  sfj.  ft. 

The  pounds  of  air  as  found  above  divided  by  the  density  at  70  deg. 
fahr.,  or  0.07  19,  gives  211  cu.  ft.  of  air  per  minute. 

This  volume  divided  by  the  velocity,  then  by  the  free  area  per  section, 
gives  eleven  sections  required. 

The  distance  from  the  center  of  the  radiation  to  the  floor  above  is  27 
inches,  which  head  with  120  deg.  fahr.  temperature  difference  gives  a  theo- 
retical velocity  of  367  ft.  jier  min..  by  the  formulae  on  Page  51.  For 
determining  the  size  of  the  ducts,  one-half  of  this  value,  or  184  ft.  per  min. 
velocity  may  be  used. 

Using  formula  on  Page  54  with  a  density  for  air  at  120  deg.  fahr.,  the 
area  of  the  hot-air  duct  is  208  sq.  in.  The  register  if  of  66^3  per  cent 
free  area  should  contain  312  sq.  in. 

The  cold-air  duct  by  the  above  formula,  using  air  density  at  zero, 
should  have  a  sectional  area  of  165  sq.  in. 

The  indirect  surface  for  the  requirement  of  the  west  side  of  this  room 
was  calculated  similarly. 

As  another  examjile.  to  determine  the  radiation  necessary  to  supply  the 
heat  required  for  the  factory  building  as  calculated  in  the  previous  chapter 
and  shown  in  Figure  5-2,  Page  37. 

Assume  that  steam  at  10-lb.  j)er  sq.  in.  pressure  or  at  a  temperature  of 
240  deg.  fahr.  is  available  for  heating  this  building  under  maximum  load 
conditions.  The  increase  in  B.t.u.  emission  of  the  heating  surfaces  for  this 
increased  temperature  above  the  standard  or  basic  temperature  is  20  per 
cent,  and  there  would  be  a  further  increase  in  efliciency  of  3  per  cent  due 
to  a  65-deg.  fahr.  instead  of  70-deg.  fahr.  room  temperature. 

This  would  make  a  total  increase  of  23.6  i)er  cent  in  B.t.u.  emitted  per 
liour  per  sq.  fl.  of  heating  surface  for  this  installation,  over  the  basic  value. 

The  monitor  portion  of  the  building  is  provided  with  114-in.  pipe 
coils  under  the  windows,  with  expansion  springs  at  the  ends,  as  shown.  For 
the  lower  portion  of  the  building  cast-iron  wall  surface  is  to  be  installed 
as  shown.  The  efliciency  of  the  heating  surface  and  method  of  determining 
the  amount  of  surface  are  shown  on  the  plan. 
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CHAPTER  VII 

Ventilation  Problems  as  They  Affect  the  Design 
of  Heating  Systems 

VENTILATION  in  the  past  was  based  on  more  or  less  traditional 
and  unscientific  standards,  but  is  now  receiving  more  of  the  con- 
sideration warranted  by  its  importance. 

The  necessity  of  providing  adequate  ventilating  facilities  for  public 
buildings  and  buildings  for  various  classes  of  industrial  o])erations  has  been 
recognized  by  the  legislative  bodies  of  numerous  states  and  cities,  which 
have  passed  laws  and  ordinances  governing  the  quantity  of  air  to  be  suj)plied 
per  person,  and  in  some  instances  also  the  locations  from  w  hich  the  air  supply 
is  to  be  brought  into  the  room  and  the  vitiated  air  removed. 

Ventilation  is  classed,  and  rightly  so.  as  a  branch  of  applied  science, 
and  it  is  the  duty  of  the  ventilating  engineer  to  apply  the  principles  of  this 
science  to  the  problems  with  which  he  is  dealing  in  such  a  manner  that  the 
results  obtained  will  produce  the  most  healthful  and  comfortable  conditions 
in  the  ventilated  rooms. 

A  ventilating  system  may  l)e  very  satisfactory  in  regard  to  the  quantity 
and  means  of  distribution  of  the  air  but  still  fail  to  produce  healthful  and 
comfortable  conditions.  A  good  ventilating  system  should  jjroduce  im- 
mediate physical  comfort.  The  human  body  is  the  best  indicator  as  to 
whether  or  not  these  conditions  are  realized. 

Temperature  and  relative  humidity  are  important  factors  in  producing 
comfort:  the  human  body  is  to  a  great  extent  influenced  by  the  temperature 
of  the  surrounding  air.  and  by  the  rate  at  which  perspiration  is  evaporated 
from  the  body  into  the  air.  which  again  is  inthienced  by  the  relative  humidity 
of  the  air. 

It  is  generally  considered  that  the  dry-bulb  temperature  to  produce  a 
sense  of  comfort  to  a  person  at  rest  is  68  to  70  deg.  fahr..  provided  a  proper 
relation  between  the  dry  and  wet-bulb  temj)eratures  is  maintained. 

The  human  organism  is  very  susceptible  to  abrupt  changes  such  as 
might  be  experienced  when  passing  from  outdoors  on  a  cold  day  into  a 
heated  room  in  which  the  relative  humidity  is  below  normal  or  vice  versa. 

A  ventilating  system,  to  produce  conditions  of  comfort  and  health, 
should  therefore  ])rovide  for  maintaining  a  satisfactory  relation  between 
temperature  and  humidity.  This  relation,  with  a  room  temperature  of 
68  to  70  deg.  fahr..  generally  assumes  a  relative  humidity  not  below  10  per 
cent,  nor  over  60  per  cent.  Although  this  assumption  is  entirely  traditional, 
a  relation  of  humidity  to  temperature  may  be  found  between  the  limits  of 
which  true  comfort  will  result. 

Investigations  from  time  to  time  by  various  engineering  organizations 
and  civic  bodies  regarding  ventilating  methods  employed  in  public  buildings, 
and  particularly  in  schools,  have  disclosed  the  fact  that  systems  of  complete 
hot-blast   heating  and  ventilation   have  inherent  defects.     Many   former 


advocates  of  this  type  of  equipnieiil  now  favor  the  more  modern  types  of 
"split  system." 

It  has  been  proved  improper  from  the  standpoint  of  health  and  com- 
fort to  employ  a  small  quantity  of  highly  heated  air  to  replace  the  heat  lost 
by  transmission.  The  air  supply  should  be  large  in  volume  and  comjiara- 
tively  low  in  temperature  in  order  to  ol^tain  the  best  ventilating  effect.  The 
nearer  the  temperature  of  the  incoming  air  corresponds  to  the  room  temper- 
ature to  l)e  maintained,  the  more  nearly  is  the  ideal  condition  obtained. 

To  compensate  for  the  heat  losses  through  wall  and  glass  and  other 
exposures,  direct  radiating  surface  should  be  installed.  This  direct  radiat- 
ing surface,  if  placed  under  the  windows,  will  also  overcome  the  dilliculties 
due  to  "outside  wall  and  window  chill"  which,  in  the  hot-blast  system  of 
heating,  has  been  a  source  of  considerable  discomfort. 

The  close  relation  of  ventilation  and  heating  makes  necessary  a  discus- 
sion as  to  the  effect  of  various  methods  of  ventilation  upon  the  design  of  the 
heathig  plant.  To  illustrate  these  effects,  some  of  the  connnonest  applica- 
tions of  ventilation  may  be  classified  as  follows: 

The  fireplace. 

Direct-indirect  system  of  heating  and  ventilation. 

Indirect  system  of  gravity  ventilation. 

Ventilating  systems  for  school  buildings. 

Ventilating  systems  of  large  theatres  and  auditoriums. 

Ventilation  of  churches. 

\entilation  of  banquet  halls,  dining  rooms,  kitchens,  etc. 

Exhaust  ventilation  of  industrial  plants. 

Hot-blast  systems  of  heating  for  industrial  plants. 

The  Fireplace:  The  purpose  of  fireplaces  is  twofold. ///■.s/.  ornamental 
effect,  and  second,  utility  for  warming  at  times  when  the  heating  plant  is 
not  in  Oj)eration.  Incidentally,  also,  the  flue  or  chinmey  of  the  fireplace 
acts  as  a  vent,  the  chinmey  effect  or  due  draft  causing  continuous  outflow 
of  air  from  the  room  into  the  atmosphere. 

This  outflow  of  air  from  the  room  tlirough  the  chinmey  of  the  fireplace 
has  the  tendency  of  lowering  the  air  temperature  and  jtressure  in  the  room, 
causing  a  greater  infiltration  of  air  from  outdoors  than  would  take  place 
without  the  fireplace.  The  additional  air  finding  its  way  into  the  room 
tends  to  lower  tlie  temperature,  unless  compensation  is  jtrovided  in  the  fonii 
of  suflicient  additional  radiating  surface. 

DiRECT-IXDIRECT  SySTEM  OF  HEATI^G  AND  VENTILATION  :  Tllis  method 

of  heating  and  ventilation,  as  described  in  Chapter  6,  has  come  into  quite 
general  use  in  certain  sections  of  the  country  for  ventilating  sciiool  buildings, 
public  libraries  and  courthouses. 

Indirect  System  of  Gravity  Ventilation:  Heating  by  the  indirect 
system,  in  which  the  heat  is  conveyed  entirely  by  air  to  the  space  to  be 
heated,  also  provides  a  fair  means  of  ventilation,  but  is  open  to  the  objection 
of  higiily  heated  incoming  air. 

The  amount  of  air  to  be  circulated  is  generally  stipulated,  which  re- 
quires knowing  the  temperature  to  which  the  incoming  air  is  to  be  heated 


so  that  in  cooling  from  inconiiiifi  to  maintained  room  temperature,  enough 
heat  units  will  be  provided  to  offset  the  heat  losses  through  windows,  walls, 
and  other  exposures. 

In  designing  heating  plants  of  the  indirect  type,  the  total  air  to  be 
circulated  must  be  known  w ithin  a  fair  degree  of  accuracy  in  order  to  deter- 
mine the  quantity  of  steam  required. 

The  indirect  method  of  heating  requires  from  three  to  four  times  the 
quantity  of  steam  that  w  ould  be  needed  with  direct  radiation  for  the  same 
warming  effect.  This  indicates  the  importance  of  carefully  considering 
ventilating  problems  in  connection  w  ith  heating  systems,  in  order  to  determine 
proper  proportions  for  boilers,  pipes,  radiator  supply  valves,  return  traps, 
and  any  other  heating  system  apparatus  which  would  be  affected  by  the  in- 
creased steam  requirement  due  to  the  ventilating  equipment. 

\Mth  the  indirect  system  it  is  also  necessary  to  provide  aspirating 
radiators  in  the  vent  flues. 

The  method  of  computing  indirect  radiathig  surface  for  given  heating 
effects  and  requirements  is  discussed  in  Chapter  6. 

Ventilating  Systems  for  School  Buildings:  The  direct-indirect 
and  the  indirect  systems  of  heating  previously  mentioned  are  frequently 
used  for  ventilating  school  houses  of  the  smaller  type,  but  for  buildings  of 
larger  proportions  mechanical  systems  of  ventilation  are  generally  installed. 

The  necessity  for  healthful  and  comfortable  conditions  in  school  build- 
ings has  been  the  main  stimulus  for  enacting  ventilating  laws  by  various 
states  and  cities. 

Great  progress  has  been  made  in  late  years  in  the  design  of  ventilating 
plants  for  school  buildings.  The  antiquated  hot-blast  system  of  heating 
and  ventilation  without  provision  for  humidification  has  been  almost 
entirely  abandoned  and  superseded  l)y  the  modern  split-system  method  of 
ventilating  w  ith  tempered  air,  w  ashed  and  humidified  before  being  delivered 
into  the  rooms.  Direct  radiation  is  installefl  for  taking  care  of  the  heat  lost 
through  direct  ex[)osures  of  walls,  windows,  doors,  etc. 

Air  is  generally  supplied  to  the  class  rooms  through  registers  or  dif- 
fusers  placed  at  a  level  of  seven  to  eight  feet  above  the  floor  with  the  vent 
registers  near  the  floor.  The  most  satisfactory  arrangement  is  generally 
obtained  w here  the  heat  and  vent  flues  are  placed  in  the  corridor  walls  and 
the  air  is  blown  towards  the  w indows.  The  vitiated  air  is  discharged  from 
the  vent  flues  into  ventilators  in  the  roof  to  the  atmosphere. 

The  cold  air  intake  should  preferably  he  at  a  point  above  the  roof. 
The  intake  openings  are  dampered,  and  additional  air  intake  openings  are 
provided  in  the  attic  space,  making  the  re-circulation  of  air  from  the  building 
possible  during  the  heating-up  period  in  the  morning.  Delivering  the  air 
into  the  rooms  at  nearly  the  temperature  to  be  maintained  and  w  ith  auto- 
matic temperature  control  or  modulation  supply  valves  on  the  direct  radia- 
tors, gives  ideal  conditions  as  near  as  obtainable. 

In  computing  the  requirements  for  direct  heating  in  the  ventilated  spaces, 
it  is  only  necessary  to  take  into  account  the  heat  losses  due  to  exposures. 
Exceptions,  how  ever,  must  be  made  of  rooms  w  hich  are  to  be  in  use  after  the 
ventilating  system  is  shut  down,  such  as  hbraries,  reading  rooms  and  offices. 


Fig.  T-1.     Arrangement  of  fresh  air  inlet  with  diilusers,  vent  outlet  and  direct  radiators 
in  a  modern  school  room 


Ventilating  systems  of  school  buildings  are  usually  shut  down  after 
the  close  of  the  afternoon  session.  Any  rooms  that  may  be  in  use  after 
that  period  should  have  sufficient  direct  radiation  to  take  care  of  the  maxi- 
mum requirements  without  the  assistance  of  the  ventilating  system. 

The  steam  required  to  temper  the  air  needed  for  the  ventilating  system 
is  generally  greatly  in  excess  of  that  required  for  the  direct  system  of 
heating. 

Where  air  washers  and  humidity -control  systems  are  installed,  addi- 
tional steam  is  required  to  add  to  the  heat  in  the  air,  compensating  for  the 
drop  in  temperature  in  passing  through  the  air  washer  and  to  supply  the 
humidity  control  apparatus. 

Masonrv  ducts  under  floors,  if  used  for  the  main  trunk  supply  system 
for  air  distribution,  should  be  so  constructed  that  they  can  be  kept  dry  at 
all  times.  This  can  be  accomplished  by  the  use  of  a  reliable  system  of 
waterproofing.  The  cooling  eff'ect  of  these  masonr\'  ducts  must  be  considered 
in  the  design  of  heating  and  ventilating  plants  and  during  the  heating-up 
period  sufficient  time  should  be  allowed  for  heating  the  ducts  thoroughly. 

The  entire  heating  plant,  including  boilers,  vacuum  pinups,  piping 
system  and  direct  radiation,  is  alTected  by  the  method  of  ventilation.  In 
the  design  of  the  plant  all  j)hases  of  the  application  and  operation  of  the 
ventilating  system  must  therefore  be  known  and  analyzed  to  make  possible 
a  well  balanced  system. 


Ventilation  of  Theatres  and  \uditoriums  :  The  ventilation  of 
theatres  and  auditoriums  presents  an  entirely  different  problem  from  that 
encountered  in  the  ventilation  of  a  buildinjj  subdivided  into  a  number  of 
comparatively  small  rooms. 

The  jiroblem  of  proper  air  distribution  in  large  spaces  with  seating 
capacities  numbering  into  thousands  requires  special  study  to  provide 
tlie  required  quota  of  fresh  air  for  each  occu[)ant. 

Ventilating  systems  for  theatres  and  auditoriums  are  usually  operated 
only  during  the  ])erformances,  so  that  portions  of  the  structure  which  are  in 
use  at  other  times  should  be  heated  by  direct  radiation. 

The  quantity  of  air  sujiplied  to  theatre  auditoriums,  on  the  basis  of 
30  cu.  ft.  per  min.  per  occupant,  is  usually  so  large  that  sufficient  heat 
is  supplied  by  delivering  the  air  into  the  space  at  a  temperature  a  few 
degrees  higher  than  that  to  be  maintained.  The  temperature  regulating 
system  should  be  flexibile  enough  to  automatically  reduce  the  incoming 
air  temperature  when  a  large  jjercentage  of  the  seats  are  occupied,  and  in  this 
way  prevent  excessive  temperature  rise  in  tiie  room. 

The  modern  theatre  would  not  l)e  complete  without  the  installation  of 
air  washers,  lumiidity-control  system,  and,  for  summer  use,  a  refrigerating 
system  for  cooling  the  air. 

The  design  of  heating  and  ventilating  systems  for  large  auditoriums 
presents  an  interesting  problem  in  engineering.  One  is  so  closely  affected 
by  the  other  that  both  should  be  worked  out  together  so  that  the  results 
obtained  will  harmonize. 

Ventilation  of  Churches  :  Ventilation  for  churches  is  usually 
applied  only  to  the  main  auditorium  and  Sunday-school  room,  the  balance 
of  the  building  being  heated  by  direct  radiation.  Most  churches  are  not 
continuously  heated,  and  the  warming-up  period  should  on  that  account 
receive  careful  consideration  by  the  designer.  The  ventilating  system  is 
generally  operated  during  the  Sunday  services  only. 

Whether  to  use  the  up-flow  system  of  air  distribution  or  to  discharge 
the  air  into  the  room  tlirough  registers  in  the  wall  will  greatly  depend  on  the 
size  of  the  room  to  be  ventilated.  In  large  churches,  a  combination  of  both, 
blowing  in  the  air  partly  through  openings  in  the  floors  in  the  aisles,  and  partly 
tlirough  registers  in  the  walls,  will  give  good  results.  Vent  openings  are 
usually  placed  in  the  walls  near  the  floor  and  in  the  ceiling. 

The  ventilating  system  for  a  church  should  supply  air  for  ventilation  only 
and  no  attempt  should  be  made  to  use  the  fan  system  for  heating.  For 
satisfactory  results,  sufficient  direct  radiation  should  be  provided  to  com- 
pensate for  all  heat  losses  due  to  direct  exposures  and  infiltration.  Arrange- 
ment for  re-circulating  the  air  before  the  building  is  occupied  will  be  found  a 
convenience,  both  from  the  standpoint  of  shortening  the  warming-up  period 
and  also  of  effecting  a  considerable  economy  in  the  fuel  consumption. 

It  is  considered  good  practice  to  have  a  separate  boiler  and  piping 
system  for  that  part  of  the  heating  and  ventilating  plant  which  will  be  in  use 
Sundays  only,  having  another  boiler  to  heat  the  portions  of  the  church  in 
use  during  week  days. 


Ventilation  of  Banquet  Halls,  Dining  Rooms,  Meetinc;  Rooms, 
Etc.  :  In  no  olhor  class  of  ventilated  rooms  is  the  efficiency  or  inefficiency 
of  the  ventilating  system  so  noticeable  as  in  banquet  halls,  dining  rooms  and 
meeting  rooms.  Smoke-laden  air  indicates  that  the  ventilating  system  is 
not  functioning  properly,  while  if  the  air  is  clear  and  fresh  in  spite  of  smoking 
by  the  guests,  a  satisfactory  diffusion  of  air  in  the  room  is  shown. 

As  already  pointed  out  in  connection  with  other  ventilating  problems, 
the  air  should  be  brought  in  as  nearly  at  room  temperature  as  possible,  and 
if  heating  of  the  room  involves  consideration  of  outside  exposures,  direct 
radiation  should  be  used.  The  location  aiifl  distribution  of  the  exhaust  open- 
ings is  of  prime  importance  and  the  exhaust  should  be  accomplished  by 
mechanical  means.  Vent  openings  should  be  placed  near  both  floor  and 
ceiling,  and,  if  the  structural  conditions  pemiit,  additional  vents  should  be 
provided  in  the  ceihng  toward  the  center  of  the  room. 

Kitchens  require  a  veny'  large  air  change,  which  should  be  accomplished 
by  means  of  exhaust  fans.  Ordinances  of  some  cities  specify  a  three-minute 
air  change  for  hotel  kitchens,  requiring  a  separate  steel  vent  stack  to  be 
extended  through  the  roof  for  this  purpose.  An  exhaust  fan,  with  inlet 
connected  to  this  vent  shaft,  is  usually  placed  in  the  penthouse.  Above  the 
point  where  the  fan  inlet  connection  is  made,  a  tight-fitting  damper  propped 
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Anoie  Iron  Frame  bolted 
to  Duct  and  anctiored  to 
Brickwork 


—  ^teel  Plate  Fire  Damper 


Fig.  7-2.     Arrangement  of  fan,  vent  stack  and  safety  damper  of  ventilating  equipment  for  a  kitchen 
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open  Avitli  bar  iron  having  a  fusible  link  is  placed  in  the  vent  shall,  and  the 
fan  discharge  is  reconnected  to  tiu^  vent  shaft  al)ove  this  damper.  In  case 
tiie  fusible  link  is  melted,  the  dam])er  in  the  fan  intake  drops  by  gravity, 
closing  the  fan  inlet  and  the  stack  is  opened  to  the  atmosphere.  This 
permits  the  stack  to  burn  out  without  damaging  the  exhaust  fan. 

\\  here  kitchens  adjoin  the  dining  rooms,  the  latter  can  conveniently 
be  exliausted  through  tlie  kitchen.  This  greatly  reduces  the  inflow  of  air 
from  outdoors  into  the  kitchen  and  at  the  same  time  prevents  odors  from 
the  kitchen  from  flowing  into  the  dining  room. 

W  here  existing  conditions  do  not  j)ermit  induction  of  air  from  warmed 
spaces  to  replace  that  exhausted,  the  air  must  necessarily  find  its  way  into 
the  kitchen  from  outdoors  and  provision  nuist  be  made  to  prevent  a  drop 
below  the  desired  temperature.  This  is  best  accomplished  l)y  installing 
direct  or  indirect  radiation  for  heating  to  the  tempei"ature  needed. 

Consideral)le  heat  is  produced  by  the  ranges  and  steam  cooking  utensils, 
so  that  the  kitchen  may  be  overloaded  with  radiation  unless  complete  in- 
formation is  available  as  to  the  kitchen  equipment  to  be  used. 

Exhaust  Ventilation  of  Industrial  Plants:  Industries,  which  in 
their  operations  produce  dust,  acid  fumes,  or  in  any  other  way  contaminate 
the  air,  require  positive  means  for  removing  the  dust  or  fume-laden  air  from 
_  the  premises.  Mechanical  systems  of  exhaust  ventilation  are 
used  to  maintain  a  continuous  air  change  by  exhausting  the 
dust-laden  air. 

^  arious  types  of  machines,  such  as  grinders,  buffers  and 
wood-working  machines,  are  j^rovided  with  sheet-metal  ducts 

running  to  the  exhaust  fans, 
A\  liich  are  usually  centrally  locat- 
ed, and  discharge  either  into 
dust-collecting  chambers  or  into 
the  atmosphere,  depending  upon 
the  nature  of  the  dust  or  refuse 
to  be  handled. 

The  continuous  exhausting 
of  air  from  any  space  will  cause 
a   corresponding  inflow  of  out- 
door air  which  must  be  heated 
to    avoid    lowering    the    inside 
temperature. 
If  the  ventilated  spaces  have  out- 
side exposures,  the  air  is  drawn  directly 
from  outdoors,   and  infiltration  takes 
place  vmiformly  over  the  entire  exposed 
area.   A  sufficient  amount  of  direct  heat- 
ing surface  to  heat  this  air  to  the  temper- 
af  are  to  be  maintained  must  be  added  to 
^.    _  „     ^   ,.  ,.   .  the  heating  surface  reciuired  for  heating 

rie.  1-3.     Indirect  radiation  con-  ,,  ^.,,         ..ii  ,  i 

nected  for  air  supply  through  a  wall.      t  he  space  Without  the  exhaust  system. 


Tlie  use  ol"  large  iiulirccl  railialiou  coiuu'clcd  for  air  siii)i)ly  ihroiigli 
window  or  otlier  o])eniiig  in  outside  wall,  as  shown  in  Fig.  7-.S.  has  been  found 
in  ])raelice  to  be  an  excellent  method  for  warming  the  infiltrated  air  necessary 
ti)  i-e])lace  that  removed  by  an  exhaust  fan  system.  In  coimection  with 
temperature  control  of  the  warmed  air  this  method  has  jjroved  highly 
etlicienl. 

11",  however,  the  xculiialed  s|)ac(>  lias  no  direct  exj)osur(>  and  comiects 
with  oilier  rooms  so  that,  the  air  will  be  drawn  from  these,  the  additional 
radiation  nnist  be  placed  in  I  he  rooms  from  which  the  air  is  drawn  or  indirect 
inlets  nuist  be  provided. 

Chemical  plants  re(|uiring  the  removal  of  acid  fumes  nuisl  usually 
exhaust  large  volumes  of  air  from  the  rooms,  and  an  equivalent  (juanlity 
of  air  nuisl  be  admitted  directly  from  outdoors.  This  air  is  generally  ad- 
mitted through  special  ojienings  in  the  walls  and  is  drawn  through  temjjering 
coils,  so  that  it  enters  the  room  at  the  temperature  to  be  maintained.  In 
such  cases  the  lieating-up  recjuirenient  can  be  eliminated  from  the  heat  loss 
calculations,  and  the  direct  radiation  should  be  sufficient  only  to  compensate 
for  the  losses  through  direct  exposures  and  infiltration.  However,  where 
the  exhaust  system  is  in  use  only  at  intervals,  allowances  for  healing  up 
the  contents  of  the  room  should  be  made  in  figuring  the  warming-uj)  ])eriod. 
Sufficient  direct  radiation  should  be  added  to  supply  the  heat  units  required 
for  this  purpose. 

Hot-blast  Systems  of  Heating  for  Ixdustrial  Plaxts:  In  indus- 
trial structures,  such  as  large  foundries,  machine  shops,  erecting  shops  and 
round-houses,  the  hot-lilast  system  of  heating,  instead  of  the  direct  method, 
is  often  selected,  owing  to  its  lower  first  cost.  From  the  operating  stand- 
point, however,  the  hot-blast  system  is  considerably  more  expensive  than 
the  direct,  because  of  the  greater  amount  of  steam  required  for  heating  by 
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ii]|  cif  h()t-:iir  (hicls  of  hot-blast  system  in  an  industrial  plant.     The  side  walls  are 
protected  hy  direct  radiation  placed  under  windows 


any  indirect  method.  This  condition  is  particularly  apparent  in  cases  where 
all  the  air  is  taken  directly  from  outdoors  and  after  being  circulated  through 
the  space  is  discharged  into  the  atmosphere. 

^Vhere  air  can  be  taken  from  the  space  to  be  heated  and  re-circulated, 
instead  of  taking  it  from  outdoors,  the  steam  requirements  are  considerably 
reduced.  In  either  case,  the  air  must  be  heated  at  the  fan  to  such  a  tem- 
perature that  in  cooling  from  the  air-outlet  temperature  to  that  maintained 
inside,  all  heat  losses  are  offset  under  maximum  conditions. 

Only  a  few  general  ventilating  problems  and  their  direct  effect  upon 
heating  plant  design  have  been  mentioned  in  tliis  chapter,  but  these  show 
the  importance  of  analyzing  each  problem  thoroughly  and  making  all 
necessar\-  provisions  for  the  ventilating  system  in  heating  system  design. 

Factors  Entering  Design  of  Complete  Heating  and 
Ventilating  Plant 

Air  Quantities  Required  for  Ventilation:  Air  quantities  in  many 
states  and  municipalities  are  fixed  by  legal  restrictions  which  must  be  followed. 
However,  some  of  the  generally  accepted  standards  are  mentioned  here. 

The  type  of  building  and  the  purpose  for  which  it  is  to  be  used  are  the 
main  factors  entering  into  the  design  of  any  ventilating  system,  not  only 
as  to  the  type  of  ventilation  which  is  best  adapted  to  each  particular  problem, 
but  also  as  to  the  volume  of  air  required. 

Tables  7-1,  7-2,  and  7-3  list  kinds  of  buildings,  together  with  their  air 
requirements  and  allowable  air  velocities.  These  quantities,  with  slight 
variation,  have  been  universally  adopted. 

Table  7-1.     Air  Requirements  of  Various  Buildings 

Type  of  building  Air  supply.    Cu.  ft.  per  occupant  per  hr. 

School  buildings 1800 

Theatre  and  assembly  halls 1500 

Churches 1500 

Prisons 2100 

lOrdinary 2600 

Hospitay  Wounded 3500 

[Contagion 6000 

Residence 1600  to  2000 

Factories 2000  to  3000 

Table  7-2-    Allowable  Air  Velocities.    Public  Building  Work.    Fan  Systems 


Cold-air  intake  700-1000  ft.  per  niin.  Register  outlets                        300-400  ft.  per  min. 

Cloth  filters  About  40  "     "         "  Vertical  flues  (masonry)                  400  "     " 

Air  washers  500  '"     "         "  Vertical  flues  (sheet-metal)             500  "     " 

Indirect  heaters  (Ventoi        800-1200 Horizontal  ducts  600  "     " 

Horizontal  air  ducts  1000-1200 at  far  end  up  to  1000 


Vertical  flues  (masonry)                   500  ft.  per  min. 
Vertical  flues  (sheet-metal)             600  "     " 
Register  outlets  200-300 

For  air  outlets  15  ft.  or  more  above  floor  velocity 
may  be  as  high  as  350  ft.  per  min.  if  not  thrown 
directly  down  on  persons  below. 


at  fan,  decreasing  to  600  fan  inlet. 

ft.  at  base  of  flues.  Fan  discharge  outlet  700-1000  ft.  per  min. 


Table  7-3.    Allowable  Air  Velocities  in  Various  Buildings  in  Feet  per  Minute 


Factories  1500  to  2800 

Schools 1000  lo  1800 

IFospituls 1000  lo  1800 

Theatres    1000  to  1800 

Churches 1000  to  1800 


900  to  1500 
500  to  750 
500  to  750 
500  to  750 
500  to    750 


600  to  1200 
:iOO  to  500 
300  to  600 
300  to  600 
300  to    600 


Sizing  of  the  Ducts:     Two  methods  of  estimating  are  in  common  use: 

First,  the  velocity  method,  in  which  the  velocity  is  fixed  in  the  various 
portions  of  the  system,  and  decreases  from  the  fan  outlet  to  the  various 
points  of  discharge.  This  method  is  applicable  in  single-duct  systems  and 
in  public  buildings  layouts,  where  the  law  requires  certain  velocity  standards. 

Referring  to  the  duct  design  in  Fig.  7-5,  certain  volumes  and  velocities 
are  given.  To  determine  the  size  of  ducts  at  any  particular  point,  the  vol- 
ume in  cubic  feet  of  air  passing  that  point  is  divided  by  the  velocity  in  feet 
at  that  point,  which  gives  the  required  area  in  square  feet. 

Determination  of  the  friction  in  any  part  of  the  duct  is  made  by 
reference  to  the  friction  chart,  Figure  7-7. 

In  a  single-duct  system,  the  longest 
duct,  or  the  duct  requiring  greatest  pres- 
sure, should  be  designed  for  certain  veloci- 
ties and  the  total  pressure  required  at  the 


4f  Sq.  Ft.  FreeA-ea  /    /^2tSci.  Ft.  Free 


n 


~s 


Fig.  7-5.  Arrangement  of 
ducts  in  a  trunk-line  systeiu. 
Sized  by  the  velocity  method 


-1  ^  Sq.  Ft.  Free  Area 


I2U0  Cu.  Fl. 


V^ 


plenum  chamber  determined  from  the  friction  chart,  Figure  7-7.  All  other 
ducts  should  then  be  designed  for  the  same  pressure. 

Second — The  friction-loss  method,  in  which  the  duct  is  proportioned 
for  equal  friction  pressure  loss  in  every  foot  of  run. 

This  method  of  duct  sizing  necessitates  assumption  of  the  velocity 
and  volume  at  the  outlets,  and  is  adaptable  to  trunk-line  duct  systems  such 
as  are  common  in  factories. 

Table  7-4  gives  an  easy  and  accurate  method  for  sizing  ducts  by  pres- 
sure loss  method.    An  example  of  its  application  follows  (See  Figure  7-7) : 

Assuming  a  1000  cu.  ft.  discharge  from  each  outlet  at  1000  ft.  velocity 
per  mill,  the  area  of  the  outlet  is  1  sq.  ft.  or  say  11  in.  in  diameter. 

Referring  to  Table  7-4,  a  14-in.  pipe  is  equivalent  to  737  1-in.  pipes 
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Fig.  7-6.  Arrangement  of  ducts  in 
a  trunk-line  system.  Sized  by  the 
pressure-drop  method 


and  two  14-iii.  {)ipes  are  equivalent  to  1474  1-in.  pipes.  Also,  1474  1-in. 
pipes  are  equivalent  to  approximately  a  19-in.  pipe,  and  so  on.  To  deter- 
mine velocity  at  any  point,  the  volume  there  is  divided  by  the  area  in  sq.  ft. 
To  determine  friction  in  any  portion  of  duct  refer  to  Fig.  7-7. 

Calculation  of  Resistance  or  Pressure:  It  is  not  the  intention 
to  go  into  the  many  complex  formulae  entering  into  the  loss  of  pressure 
in  ducts  but  rather  to  arrange  some  easily  workable  method. 

Table  7-4.     Comparison  of  the  Air-carrying  Capacity  of  Various  Sizes  of  Pipes 
with  That  of  a  1-in.  Pipe  of  Same  Length  and  Equal  Friction  Pressure  Loss 


Example  —  With  an  equal  pressure  loss  and  f(iuiil  length, 
volume  of  air  as  thirty-two  1-in.  pipes. 


1-in.  diameter  pipe  will  carry  the  same 


Diam. 

1"  Pipes 

Diam. 

1"  Pipes 

Diam. 

1"  Pipes 

Diam. 

1"  Pipes 

Diam. 

1"  Pipes 

1 

1 

21 

1985 

41 

10565 

61 

28850 

81 

59122 

2 

5 

22 

2250 

42 

11300 

62 

30200 

82 

60831 

3 

16 

23 

2525 

43 

12030 

63 

31350 

83 

62510 

4 

32 

24 

2800 

44 

12621 

64 

32500 

81 

61219 

5 

56 

25 

3060 

45 

13400 

65 

33975 

85 

66396 

6 

88 

26 

3425 

46 

14100 

66 

35300 

86 

68542 

7 

129 

27 

3738 

47 

1.5000 

67 

36600 

87 

70687 

8 

180 

28 

4100 

48 

158.50 

68 

38000 

88 

72833 

9 

244 

29 

4440 

49 

16610 

69 

39275 

89 

71979 

10 

317 

30 

4898 

50 

17600 

70 

40250 

90 

77125 

11 

402 

31 

5312 

51 

18275 

71 

41995 

91 

79271 

12 

501 

32 

5631 

52 

19335 

72 

43740 

92 

81 116 

13 

613 

33 

6154 

53 

20000 

73 

45449 

93 

83562 

14 

737 

31 

6675 

54 

21500 

74 

47158 

91 

85708 

15 

876 

35 

7075 

55 

22300 

75 

48887 

95 

87854 

16 

1026 

36 

7735 

56 

23150 

76 

50576 

96 

80909 

17 

1197 

37 

8265 

57 

24500 

77 

52285 

18 

1375 

38 

8715 

58 

25600 

78 

53995 

19 

1580 

39 

9350 

59 

26700 

79 

55704 

20 

1775 

40 

10060 

60 

27700 

80 

57413 

The  friction  cluirl.  Figure  7-7.  (l)ased  on  accepted  pressure  loss  formu- 
lae) provides  quick,  accurate  determination  of  pressure  loss. 

Example:  Assume  that  3()()()0  eu.  ft.  of  air  per  minut(^  is  passed  through 
a  duct  10  in.  in  diameter  and  .50  ft.  long.  From  the  30000  vu.  ft.  division 
at  the  right  of  chart,  trace  horizontally  to  intersection  with  the  line  repre- 
senting 40  in.  diameter  pipe.     Perpendicularly  down  from  this  point  the 
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Friction  in  Inches  Water  Gauge  per  100  Feet 
Fip.  7-7.     Chart  for  deterinining  pressure  loss  in  ducts 
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Table  7-5.    Resistance  of  90-deg.  Elbows 


Radius  of  throat 

of  elbow  in 

diameters  of 

pipe 


Number  of  diameters 

of  straight  pipe 

offering  equivalent 

resistance 


Radius  of  throat 

of  elbow  in 

diameters  of 

pipe 


Number  of  diameters 

of  straight  pipe 

offering  equivalent 

resistance 


14 

30.0 

3 

H 

16.0 

3M 

1     

10.0 

4 

1I4        

V/o 

I'A 

6.0 

5 

IH 

5.0 

5>-2 

9 

4.3 

4.5 
4.8 
5.0 


5.8 
6.0 


friction  in  inches  of  water  jier  100  ii.  of  pipe  is  given — in  this  case  0.51  inches. 

For  50  ft.  the  friction  will  he  50  per  cent  of  0.54  or  0.27  in.  of  water. 
Friction  in  inches  of  water  multiplied  by  0.58  gives  friction  in  ounces. 

The  resistance  (.Table  7-5 )  is  expressed  as  that  of  the  nuinl)er  of  diameters 
of  straight  pipe  of  same  diameter  as  the  elbow,  and  is  given  for  elbows  hav- 
ing different  radii  of  throat,  also  expressed  in  diameters  of  pipe.  For  instance, 
a  90-deg.  eli)ow  of  24-in.  pipe,  having  a  radius  of  throat  equal  to  1  diameter, 
that  is  21  inches,  offers  the  same  resistance  to  the  flow  of  air  as  10  diameters 
of  straight  pipe  or  20  ft.  of  straight  pipe. 
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Fig.  7-P.     Curve  for  determining  the  diameters  of  round  pipes  having  the  same  friction  loss  for 
same  capacity  as  rectangular  ducts  of  various  dimensions 


To  the  resislanee  of  the  duct  system  should  be  added  the  resistance 
through  tempering  and  reheating  coils,  also  air  washers,  plus  a  small  factor  of 
safety,  thereby  determining  the  total  pressure  against  whicii  th(>  fan  must 
deliver  the  specified  volume  of  air. 

Where  each  branch  duct  leaves  the  trunk  hue,  there  siiould  be  a  volume 
damper  with  trumiion.  quadrant  and  locking  device,  for  balancing  the  system. 

Figure  7-8  is  a  curve  for  determining  diametc^r  of  round  pi|)e  having 
same  friction  for  same  capacity  as  rectangular  ducts  (jf  van  ing  dimensions. 

Selecting  the  Apparatus 

Sizes  and  Arrangement  of  Fans:  For  fan  performances  and  capaci- 
ties, reference  should  be  made  to  tables  issued  by  the  manufacturers. 

Table  7-6.     Quantities  of  Air  at  Various  Temperatures  Wliicli  Will  Be  Raised 

1  cleg.  fahr.  by  1  B.t.u. 
Specific  heat  of  air  at  constant  pressure  is  0.2375.     At  zero  1  cu.  ft.  of  dry  air  weiglis  O.OKf)  t  111.  and 
ij^  =  11.574  cu.  ft.  ^-^^  =  48.74  cu.  ft.  raised  1  (leg.  by  1  B.t.u. 


Temp. 

air  deg. 

fahr. 

Weight 

of  1 
cu.  ft. 

Cu.  ft. 
in  1  lb. 

Cu.  ft.  1 
B.t.u.  will 

deg.  fahr. 

Temp. 

air  deg. 

fahr. 

Weight 
of  1 
cu.  ft. 

Cu.  ft. 
in  1  lb. 

Cu.  ft.   1 

B.t.u.  will 

raise  1 
deg.  fahr. 

Temp. 

air  deg. 

fahr. 

Weight 

of  1 
cu.  ft. 

Cu.  ft. 
in  1  lb. 

Cu.  ft.  1 
B.t.u.  will 

deg.  fahr. 

0 

.  0864 

11. 58 

48.74 

72 

.0747 

13.39 

56.40 

1.52 

.0649 

15.40 

64  90 

12 

.  0842 

11.87 

.50.00 

82 

.  0733 

13.64 

.57.40 

162 

.0638 

15.65 

66.00 

oo 

.  0824 

12.11 

51.00 

92 

.0720 

13.90 

58.60 

172 

.0628 

15.90 

67.00 

32 

.0807 

12.  10 

.52.20 

102 

.0707 

14.14 

.59.20 

182 

.0618 

16.17 

68.00 

42 

.0791 

12.64 

53.10 

112 

.  0694 

14.40 

60.60 

192 

.0609 

16.42 

69.10 

52 

.0776 

12.88 

54.10 

122 

.0682 

14.65 

61.60 

202 

.0600 

16.67 

70.10 

62 

.0761 

13.13 

.55.20 

132 

.0671 

14.90 

62.80    i 

212 

.  0591 

16.92 

71.30 

70 

.  0750 

13.34 

.56.30 

142 

0660 

15.15 

63  80 

Heaters:  To  select  a  heater  for  any  set  of  conditions  it  is  necessary  to 
know  the  volume  of  air  to  be  handled,  its  initial  temperature,  and  the 
temperature  to  which  it  must  be  raised. 

Two  methods  for  determining  the  above  quantities  are  available 
where  the  building  is  heated  as  well  as  ventilated  by  the  air.  One  applies 
w here  a  definite  air  change  is  desired  or  where  ventilation  must  be  provided 
for  a  given  numl)er  of  people. 

Example:  Assume  a  building  requiring  f  8000  cu.  ft.  per  min.  measured 
at  70  deg.  fahr.  w  ith  a  total  of  860000  B.  t.  u.  loss  through  exposed  glass,  w  alls, 
B.t.u.  loss  per  hr. 


etc.     Then 


Cu.  ft.  per  min.  X  .2375  X  .07.5  X  60 
860,000 


diffusion 


45  deg.  fahr. 


18000  X  .2375  X  .075  X  60 
45  deg.  diffusion  +  10  deg.  duct  loss  +  70  deg.  desired  room  temperature  = 
125  deg.  final  temperature  at  coils.  In  this  calculation  0.2375  is  the  specific 
heat  of  air  and  is  constant  and  0.075  is  the  weight  of  one  cubic  foot  of  air 
at  the  room  temperature  of  70  deg.  (See  Table  7-6.) 

The  other  method  is  to  decide  on  the  final  temperature  to  be  used  with 
some  fixed  entering  temperature. 


Example:  Suppose  the  hourly  heat  loss  through  exposed  walls,  glass,  etc., 
is  1201500  l).t.u.  Assume  a  final  temperature  at  tlie  heater  of  135  deg. 
fahr.  and  a  loss  of  10  deg.  in  the  ducts.  The  temi)erature  at  the  duct 
outlets  will  th(>n  be  125  deg.  fahr.  The  room  temperature  desired  is  65  deg. 
and  the  outside  temperature  is  0  deg. 

The  difference  in  the  temperature  between  the  duct  outlets  and  the 
room  temperature  is  available  for  heating. 

p      n  .      ^  B.t.u.  per  hr.  _  1204500 

P®^  ™"^*       60  X  60  X  .2375  x  .068        60  x  60  x  .2375   <  .068 
20720  cu.  ft.  per  min.  required,  in  which  0.2375  is  specific  heat  of  air  and  is 
constant  and  0.068  is  weight  of  one  cu.  ft.  of  air  at  125  deg.  (See  Table  7-6.) 

Either  of  the  above  formulae  can  be  used  on  split  systems  where  a 
portion  of  the  losses  through  walls,  glass,  etc.,  are  taken  care  of  by  direct  radia- 
tion, and  the  balance  by  the  incoming  air.  In  the  split  system  where  all 
heat  loss  through  walls,  glass,  etc., is  taken  care  of  by  direct  radiation,  the  final 
temjierature  of  the  air  is,  of  course,  the  same  as  the  room  temperature  de- 
sired. However,  in  choosing  the  heater,  allowance  should  be  made  for  some 
temperature  drop  in  the  ducts  (usually  10  to  20  degrees). 

After  determining  the  volume  and  final  temperature  of  the  air  the  size 
of  heater  can  readily  be  chosen  from  tables  furnished  by  manufacturers. 

Table  7-7.     B.t.ii.  Required  for  Heating  Air* 

This  table  specifies  the  quantity  of  heat  in  B.  t.  u.  required  to  raise  1  cu.  ft.  of  air  tliniuj;li  any 
given  temperature  interval 

Temperature  of  air  in  room,  deg.  fahr. 


-40° 

1.802 

2.027 

2.252 

2.479 

2.703 

2.928 

3.154 

3.379 

3.601 

3.829 

-30" 

1.510 

1.760 

1.980 

2.200 

2.  120 

2.610 

2.860 

3.080 

3 .  300 

3.520 

-20" 

1.290 

1.505 

1.720 

1  935 

2   1.50 

2.365 

2. 580 

2.795 

3  010 

3.225 

-10" 

1.051 

1.262 

1    173 

1 .  684 

1 .  892 

2  102 

2.311 

2  522 

2,732 

2.943 

0" 

0.822 

1.028 

1.231 

1    139 

1   6 15 

1  851 

2  0.56 

2  262 

2.  Ui7 

2.673 

10" 

0.604 

0.805 

1 .  007 

1.208 

1.  109 

1.611 

1  812 

2  013 

2  215 

2.416 

20" 

0.393 

0  590 

0.787 

0.984 

1.181 

1 .  378 

1.575 

1.771 

1 .  968 

2.165 

.30" 

0.192 

0.385 

0.578 

0.770 

0  963 

1.1.55 

1 . 3 15 

1 . 5  10 

1   733 

1 .  925 

40" 

0.000 

0  188 

0  376 

0.561 

0.7.52 

0.910 

1   128 

1 .  316 

1 .  50  I 

1.692 

50" 

0.000 

0  000 

0.181 

0.367 

0  551 

0.735 

0  918 

1   102 

1 .  286 

1.  170 

60" 

0.000 

0.000 

0.000 

0.179 

0.3.59 

0  538 

0   718 

0  897 

1   077 

1 .  256 

70" 

0.000 

0.000 

0  000 

0.000 

0.175 

0  350 

0.525 

0.700 

0  875 

1 .  049 

*  F.  Schumann's  Manual  of  Healing  and  Ventilation. 

Boiler  Horsepower  Required  :     To  determine  the  boiler  horsepower 

re(|iiired  for  air  heating,  the  following  formula  can  be  used: 

Cu.  ft.  per  min.  X  60  X  A       u      ,  , 
! ^ =  lb.  steam  per  hour. 

in  which  A  =  B.t.u.  required  for  heating  1  cu.  ft.  of  air  from  initial  to 
final  temperature  (See  Table  7-7). 
B    =   latent  heat  of  steam 

II).  steam  per  hr.        ,    •,      , 

J =  boiler  liorsepower 

31.5 
From  the  manufacturers'  tables  the  condensation  rates  per  square  foot 
of  surface  are  given  for  various  velocities  and  temperatures,  and  it  is  well 
to  check  up  the  above  formula  from  these  given  factors. 
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CHAPTER  Mil 

Proportioning  of  CJiimneys 

No  pr()bl(>m  in  the  liealiiifj  of  huildiiifjs  presents  greater  elements  of 
unccrlainly  than  that  of  projx'riy  proportioning  the  chimney. 
In  larger  installations,  such  as  isolated  plants  for  the  production 
of  power,  light  and  heat,  the  conditions  may  usually  be  very  accurately 
determined  in  advance.  By  use  of  the  formula  given  hereafter,  proper 
results  follow  in  almost  every  case. 

A.  Chimneys  for  House-Heating  l^oilers 

In  small  plants  and  particularly  residence  heating,  it  is  not  practicable 
to  make  such  accurate  advance  determinations  of  all  the  conditions.  Usually 
the  chimney  is  built  into  the  wall,  thereby  refjuiring  that  its  cross-section 
must  be  proportioned  to  the  width  of  brick.  Chimneys  so  l)uilt  are  usually 
either  smoothly  mortared  on  the  inside  or  lined  with  thin  tile  of  rectangular 
or  circular  cross-section.  The  latter 
gives  such  freedom  from  friction  and 
eddy  currents  and  lessened  surface  for 
loss  of  heat  in  the  gases,  that  a  round 
chimney  lining  wiU  frequently  give 
fully  as  good  results  as  would  be  ob- 
tained in  the  square  of  brick-work  in 
which  it  is  enclosed. 

The  inclination tocut  down  cross- 
sectional  area  to  save  cost  and  space 
in  the  portion  of  building  through 
which  the  chimney  passes  should  be 
discouraged  as  false  economy.  Once  the  chimney  is  built  into  the  structure, 
increase  of  area  is  practically  impossible,  and  a  chimney  that  is  too  small 
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Fig. 


8-1.     Cross-sections    through    typical    house 
chimneys 


Inside  Area  equals 
81)  sq.ins 

Fig.  8-2.     Se\en  bricks  per  course 


Fig.  8-3.     Nine  bricks  per  course 


remains  a  source  of  discomfort  and  waste  during  the  entire  life  of  the  struc- 
ture. Little  is  saved  in  liuildino;  an  8l4-'ni.  by  13-in.  flue  as  compared 
^vith  a  13-in.  by  18-in.  flue,  the  latter  havinfj  more  than  twice  the  area  and 
more  than  twice  the  capacity,  while  the  bricks  per  course  are  as  9  is  to  7. 
(See  Figures  8-2  and  8-3.) 

To  get  the  greatest  eff'ectiveness.  a  definite  amount  of  draft  must  be 
available.  The  actual  amount  required  varies  w  idely  for  difl^erent  types  of 
connnercial  cast-iron  boilers,  and,  imfortunatelv ,  it  is  not  always  possible 
to  know  in  advance  which  make  of  these  boilers  will  be  selected  or  may 
later  be  installed.  It  is,  therefore,  preferable  to  provide  for  excessive  draft 
which  may  be  controlled  l)y  damper,  rather  than  to  risk  insufficient  draft, 
the  remedying  of  w  hicli  is  almost  hopeless. 

For  ascertaining  the  |)rol)able  interior  cross-section  of  round  or  rectan- 
gular flue  linings,  also  unlined  bi"ick  chimneys  necessary  for  average  cast-iron 
heating  lioilers  where  height  in  feet  from  combustion  chamber  to  top  of 
chimney  and  maximum  hourly  rate  of  evaporation  in  poimds  of  water  are 
known.  Figures  8-7a  and  8-7b  will  be  found  convenient. 

With  the  maximum  rate  and  height  of  chimney  determined,  enter  the 
table  at  right-hand  column  at  the  determined  hourly  evaporation  rate;  fol- 

Table  8-1.     Dimensions  of  Fine  Linings 


Fig.  8-1 


Fife.  8-6 


The  Delaware  Clay  Products  Co 

w. 

S.  Dickey  Clay  Mfg. 

Co. 

1 

Robinson  Clay  Products  Co. 

Pittsburgh,  Penna. 

Kansas  City,  Mo.                    ;i 

Akron,  Oh 

° 

Rectangular 
and  square 

Circular 

Rectangular 
and  square 

Circular 

Rectangular 
and  square 

Circular 

Sq. 

Sq. 

Sq. 

Sq. 

Sq. 

Sq. 

free 

A 

B 

c 

D 

free 
area 

E 

F 

free 
area 

A 

B 

c 

D 

free 
area 

E 

F 

free 
area 

A 

B 

C 

D 

free 
area 

E 

F 

2S 

3>.< 

7H 

^'A 

8K 

28 

6 

7K 

29 

:m 

7^ 

4Vi 

SU 

23 

3H 

7 

434 

8H 

28 

6 

7H 

:w 

3H 

UH 

4U 

13 

:<8 

7 

H-H 

61 

''U 

7H 

8H 

H>A 

36 

3tV 

IIM 

m 

13*^ 

38 

7 

SH 

4V 

16-H 

4V4 

18 

.5() 

s 

9H 

46 

3M 

1214 

41^ 

13 

60 

3'/, 

15V, 

4V, 

17 

50 

8 

y 

39 

6,^ 

6H 

'/'A 

7>4 

64 

9 

Wis 

92 

7H 

12H 

8H 

13 

47 

4H 

lUH 

6 

12 

64 

9 

lOM 

52 

7.1. 

Sl.^ 

«'.> 

7<; 

in 

n'f 

1 1". 

I?,' 

!■?,' 

in 

i:? 

33 

.i»4 

5',- 

7'f 

7 '4 

78 

10 

12 

Ml 

r.  1 ' 

11  '. 

S!  . 

1  :■;      1 1  :>, 

12 

1  + 

i-r 

7  "  , 

i>;  ■' . 

s  1 

171.', 

125 

12  H 

14', 

7I4 

7'4 

.SI  .1 

S'i 

113 

12 

14 

nil 

''  'i 

1 1  '•  1  4 

n1    , 

In       17i; 

i:. 

IT'i 

1  ' '  . 

\'.   . 

1.1 

171^ 

so 

1'    ^ 

11', 

si  .^ 

13 

176 

I.S 

IVH 

i» 

11  ■- 

11  ■. 

13 

i;i     2.U 

is 

liljl; 

J7ii 

1 ' '  1'., 

1  ij  ,', 

17'... 

17.' 2 

I  III 

'■'■ 

Hi 

^'2 

IS 

254 

IS 

■MH 

188 

im 

16>4 

13 

18      314 

20 

22y, 

291 

191^ 

21"  . 

127 

ll'i 

IIL, 

13 

13 

314 

20 

23 

266 

16 

16 

18 

18 

380 
452 

22 
24 

25Ji 
27Ji 

499 

25  A 

27 '2 

Hill 
24U 

lll<4 
1.">1.. 

15M 

13 
IS 

18 
18 

346 
380 
452 

372 
707 
855 
lOlS 

21 
22 
24 

27 
30 
33 
36 

27 
35 

Note.    All  dimensions  i 


inches  and  subject  to  slight  variation 
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30       40       M       00       70      !S0       90      100 
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AND  TOP  Of  CHIMNEY 
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AND  TOP  OF  CHIMNEY 


Fig.  8-7b — Probable  capacities  of  chimneys  of  different  forms,  sizes  and  heights  to  produce 
proper  draft  for  average  cast-iron  boiler  of  up-driift  type  using  anthracite  coal 


low  horizontally  to  left  to  intersection  of  vertical  line  representing  given 
height,  then  downward  along  the  curve  to  its  left  end,  then  follow  a  hori- 
zontal line  to  left ;  the  interior  cross-sections  of  linings  and  rough  l)rick 
above  the  horizontal  should  be  ample  under  usual  conditions. 


^^  lini  (losirhifi-  to  asrorlain  prol)al)le  capacity  of  a  cliimiioy  oC  known 
dimensions  and  constniction.  the  ciiarl  is  read  in  reverse  order. 

Dolled  lines  on  Fig-.  8-71)  indicate  lliat  tor  11800  lb.  eva[)oralion  p(>r 
hr.  and  (>0-fl.  cliinuiey  hcifjlil,  a  22-in.  diameter,  or  16  by  28-in.  tile  linino; 
should  he  proper,  or  that  20  by  21-in.  rouph  brick  would  be  am])le. 

It  must,  however,  be  borne  in  mind  that  the  location  of  the  building  in 
relation  to  topography  and  surrounding  structures  may  render  a  chimney 
absolutely  inellicient,  while  another  similar  in  every  respect  of  height  and 
cross-section,  used  for  similar  boiler  and  fuel,  but  favorably  located,  will  be 
able  to  produce  a  superabundance  of  draft;  also  that  the  resistance  due  to 
thickness  of  coal  bed,  character  and  quality  of  fuel  as  well  as  resistance  be- 
tween the  combustion  chamber  and  chinmey,  vary  in  diiferent  makes  of 
boilers  having  similar  ratings,  and  that  these  resistances  form  a  large  part 
of  the  total  head  for  which  chimneys  are  recjuired. 

The  chinmey  problem  should  be  presented  to  the  ])oiler  manufactm-er 
for  his  study  and  recommendation. 

B.    Chimneys  and  Draft  for  Power  Boilers* 

The  height  and  diameter  of  a  properly  designed  chimney  depend  upon 
the  amount  of  fuel  to  be  burned,  the  design  of  the  flue,  with  its  arrange- 
ment relative  to  the  boiler  or  boilers,  and  the  altitude  of  the  plant  above  sea 
level.  There  are  so  many  factors  involved  that  as  yet  there  las  been  pro- 
duced no  formula  w  hich  is  satisfactory  in  taking  them  all  into  consideration 
and  the  methods  used  for  determining  stack  sizes  are  largely  empirical.  In 
this  chapter  a  method  sufficiently  comprehensive  and  accurate  to  cover  all 
practical  cases  will  be  developed  and  illustrated. 

Draft  is  the  difference  in  pressure  available  for  producing  a  flow  of  the 
gases.  If  the  gases  within  a  stack  be  heated,  each  cubic  foot  will  expand, 
and  the  weight  of  the  expanded  gas  per  cubic  foot  will  be  less  than  that  of  a 
cubic  foot  of  the  cold  air  outside  the  chinmey.  Therefore,  the  unit  ])ressure 
at  the  stack  base  due  to  the  w  eight  of  the  column  of  heated  gas  w  ill  be  less 
than  that  due  to  a  cohnnn  of  cold  air.  This  difference  in  pressure,  like  the 
difference  in  lead  of  w  ater,  w  ill  cause  a  flow  of  the  gases  into  the  base  of  the 
stack.  In  its  passage  to  the  stack  the  cold  air  must  pass  through  the  furnace 
or  furnaces  of  the  boilers  connected  to  it,  and  it  in  turn  becomes  heated. 
This  newly  heated  gas  also  rises  in  the  stack  and  the  action  is  continuous. 

The  intensity  of  the  draft,  or  difference  in  pressure,  is  usually  measured 
in  inches  of  water.  Assuming  an  atmospheric  temperature  of  62  deg. 
fahr.  and  the  temperature  of  the  gases  in  the  chimney  as  500  deg.  fahr., 
and,  neglecting  for  the  moment  the  difference  in  density  between  the  chim- 
ney gases  and  the  air,  the  difference  between  the  weights  of  the  external  air 
and  the  internal  flue  gases  per  cubic  foot  is  0.0347  lb.,  obtained  as  follows: 
Weight  of  a  cubic  foot  of  air  at  62  deg.  fahr.  =  0.0761  lb. 
Weight  of  a  cubic  foot  of  air  at  500  deg.  fahr.  =  0.0 11 1  lb. 

Difference  =  0.0347  lb. 


*  Reprintcil  from  Slmni  ]>\  permission  of  Babcock  &  W  ilcox  Co. 
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Therefore,  a  ehiimiey  100  ft.  high,  assumed  for  the  purj^ose  of  ilhistration 
to  he  suspended  in  the  air,  would  liave  a  pressure  exerted  on  eaeh  square 
foot  of  its  cross-sectional  area  at  its  hase  of  0.0347  x  100  =  3. 17  Ih.  As 
a  cuhic  foot  of  water  at  62  deg.  fahr.  weiohs  62.32  lb.,  an  inch  of  water 
would  exert  a  pressure  of  62.32-^12  =  5.193  lb.  per  sq.  ft.  The  100-ft. 
stack  would,  therefore,  under  the  above  temperature  conditions,  show  a 
draft  of  3.47-^5.193  or  approximately  0.67  in.  of  water. 

The  method  best  suited  for  determining  the  proper  proportion  of  stacks 
and  flues  is  dependent  upon  the  principle  that  if  the  cross-sectional  area 
of  the  stack  is  sulFiciently  large  for  the  volume  of  gases  to  be  handled,  the 
intensity  of  the  draft  will  de])end  directly  upon  the  height:  therefore,  the 
method  of  procedure  is  as  follows: 

(1)  Select  a  stack  of  height  to  produce  the  draft  required  by  the  jjurtic- 
ular  character  of  fuel  and  amount  burned  per  square  foot  of  grate  surface 

(2)  Determine  the  cross-sectional  area  necessary  to  handle  the  gases 
without  undue  frictional  losses. 

The  application  of  these  rules  follows: 

Draft  Forjiula:  The  force  or  intensity  of  the  draft,  not  allowing  for 
difference  in  density  of  air  and  of  the  flue  gases,  is  given  by  the  formula: 

D  =  0.52  HxP(i  —  i)  {Formula  8-1) 

in  which  ^  ^  ^i^ 

D   =  draft  produced,  measured  in  inches  of  water, 

H   =  height  of  top  of  stack  above  grate  bars  in  feet, 

P    =  atmospheric  pressure  in  pounds  per  square  inch, 

T    =  absolute  atmospheric  temperature, 

Ti  =  absolute  temperature  of  stack  gases. 

In  this  formula  no  account  is  taken  of  the  density  of  the  flue  gases,  it 
being  assumed  that  it  is  the  same  as  that  of  air.  Any  error  arising  from  this 
assumption  is  negligible  in  practice,  as  a  factor  of  correction  is  applied  in 
using  the  formula  to  cover  the  difference  between  the  theoretical  figures  and 
those  corresponding  to  actual  operating  conditions. 

The  force  of  draft  at  sea  level  (which  corresjionds  to  an  atmospheric  pres- 
sure of  14.7  lb.  per  sq.  in.)  produced  by  a  chimney  100  ft.  high  with  the 
temperature  of  the  air  at  60  deg.  fahr.  and  that  of  the  flue  gases  at  500  deg. 
fahr.  is,  /   i  i    \ 

D  =  0..52  X  100  X  1 1.7  (  — ^  I  =  0.67 

v. 521  961/ 

Under  the  same  temperature  conditions  this  chimney  at  an  atmospheric 
pressure  of  10  lb.  per  sq.  in.  (which  corresponds  to  an  altitude  of  about 
10000  ft.  above  sea  level)  would  produce  a  draft  of, 

D  =  0.52  .  100  X  10  (.-Ij  _  ^)  =  0.45 

For  using  this  formula  it  is  handy  to  tabulate  values  of  the  product, 
0.52  X  14.7  {\^^) 


which  AV(>  will  rail  K.  for  various  values  of  Ti.     With  liiosc  values  calculated 

for  assumed  alinospheric  temjx'ratine  and  pressure,  Foriiuila8-l  heconies, 

D  =  k  II.  (Fonnida  8-S) 

For  average  conditions  the  aluiosplieric  pressure  may  he  considered 
11.7  11).  ])er  sq.  in.,  and  the  lemperalure  60  deo;.  fahr.  lor  Ihese  values 
and  \arious  stack  lempei'alures  k  becomes: 

TemiMTiilure  of  slack  gases  Conslant  A 

7:^0   .    ; ■  0081 

TOO  0081 

6.">0  0078 

600  007.') 

S.W 0071 

500  0067 

4.50  0063 

400  00.')8 

.3.50 .  00.53 

Draft  Losses:  The  inleiisity  of  the  draft  as  determined  by  the  above 
formula  is  theoretical  and  can  never  be  observed  with  a  draft  gauge  or  any 
recording  device.  However,  if  the  ashpit  doors  of  the  boiler  are  closed  antl 
there  is  no  perceptible  leakage  of  air  through  the  boiler  setting  or  flue,  the 
draft  measured  at  the  stack  l)ase  will  be  apjiroximately  the  same  as  the 
theoretical  draft.  The  diff'erence  existing  at  other  times  represents  the  pres- 
sure necessary  to  force  the  gases  through  the  stack  against  their  own  inertia 
and  the  friction  against  the  sides.  This  dift'er(Mice  will  increase  with  the 
velocity  of  the  gases.  With  the  ashpit  doors  closed  the  Aolume  of  gases 
passing  to  the  stack  is  a  minimum  and  the  maximum  force  of  draft  will  be 
shown  by  a  gauge. 

As  draft  measurements  are  taken  along  the  path  of  the  gases,  the  read- 
ings grow  less  as  the  points  at  which  they  are  taken  are  farther  from  the 
stack,  until  in  the  Iwiler  ashpit,  with  the  ashpit  doors  open  for  freely  admit- 
ting the  air,  there  is  little  or  no  perceptible  rise  in  the  water  of  the  gauge. 
The  hreeching,  the  boiler  dami)er,  the  lialfles  and  the  tubes,  and  the  coal  on 
the  grates  all  retard  the  passage  of  the  gases,  and  the  draft  from  the  chimney 
is  required  to  overcome  the  resistance  off'ered  by  the  various  factors.  The 
draft  at  the  rear  of  the  boiler  setting  where  connection  is  made  to  the  stack 
or  fine  may  be  0.5-in.,  while  in  the  furnace  directly  over  the  fire  it  may 
not  be  over,  say,  O.lo-in.,  the  difference  being  the  draft  required  to  over- 
come the  resistance  offered  in  forcing  the  gases  through  the  tubes  and 
around  the  baffling. 

One  of  the  most  important  factors  to  be  considered  in  designing  a  stack 
is  the  piessure  required  to  force  the  air  for  combustion  through  the  bed  of 
fuel  on  the  grates.  This  ])ressure  will  vary  Avith  the  nature  of  the  fuel 
used,  and  in  many  instances  will  be  a  large  percentage  of  the  total  draft. 
In  the  case  of  natural  draft,  its  measure  is  found  directly  by  noting  the 
draft  in  the  furnace,  for  with  properly  designed  ashjjit  doors  it  is  evident 
that  the  pressure  under  the  grates  will  not  difl^er  sensibly  from  atmospheric 
pressure. 

Loss  IN  Stack:  The  difference  between  the  theoretical  draft  as  de- 
termined by  Formula  8-1  and  the  amount  lost  by  friction  in  the  stack 
proper,  is  the  available  draft,  or  that  which  the  draft  gauge  indicates  when 
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connected  to  the  base  of  the  stack.  The  sum  of  the  losses  of  draft  in  the 
flue,  boiler  and  furnace  must  be  equivalent  to  the  available  draft,  and  as 
these  quantities  can  be  determined  from  record  of  e\j)eriments,  the  problem 
of  designing  a  stack  becomes  one  of  proportioning  it  to  produce  a  certain 
available  draft. 

The  loss  in  the  stack  due  to  friction  of  the  gases  can  be  calculated  from 
the  following  fornuila:  fW-CH 

AD=-^— XT^ —  [Formula  8-3) 

in  which 

A  D   =  draft  loss  in  inches  of  water. 
W  =  weight  of  gas  in  pounds  })assing  per  second, 
C  =  perimeter  of  stack  in  feet, 
H  =  height  of  stack  in  feet, 

/  =  a  constant  with  the  following  values  at  sea  level: 
.0015  for  steel  stacks,  temperature  of  gases  600  deg.  fahr. 
.0011  for  steel  stacks,  temperature  of  gases  350  deg.  fahr. 
.0020  for  brick  or  brick-lined  stacks,  temperature  of  gases  600  deg.  fahr. 
.0015  for  brick  or  brick-lined  stacks,  temperature  of  gases  350  deg.  fahr. 
A  =  area  of  stack  in  square  feet. 
This  formula  can  also  be  used  for  calculating  the  frictional  losses  for 
flues,  in  which  case.  C  =  the  perimeter  of  the  flue  in  feet.  H  =  the  length  of 
the  flue  in  feet,  the  other  values  being  the  same  as  for  stacks. 

The  availal)le  draft  is  equal  to  the  difference  l)etween  the  theoretical 
draft  from  Fornuila  8-2  and  the  loss  from  Fornufla  8-3.  hence: 

c?i  =  available  draft  =  KH  —  ' — ^ —  [Fonnida  S-Jf) 

Table  8-2  gives  the  available  draft  in  inches  that  a  stack  100  ft.  high 
will  produce  when  serving  dilTerent  horsepowers  of  boilers  w  ith  the  methods 
of  calculation  for  other  heights. 

Height  and  Diameter  of  Stacks:  From  Formula  8-4,  it  becomes 

evident  that  a  stack  of  certain  diameter,  if  it  be  increased  in  height,  will 

produce  the  same  available  draft  as  one  of  larger  diameter,  the  additional 

height  being  required  to  overcome  the  added  frictional  loss.     It  follows  that 

among  the  various  stacks  that  would  meet  the  requirements  of  a  particular 

case  there  must  be  one  which  can  be  constructed  more  cheaply  than  the 

others.     It  has  been  determined  from  relation  of  stack  costs  to  diameters 

and  heights,  in  connection  with  the  formula  for  available  draft,  that  the 

minimum  cost  stack  has  a  diameter  dependent  solely  upon  the  horsepower 

of  the  boilers  served,  and  a  height  proportional  to  available  draft  required. 

Assuming  120  lb.  of  flue  gas  per  hr.  for  each  boiler  horsepower,  which 

provides  for  ordinary  overloads  and  use  of  poor  coal,  the  method  stated  gives: 

For  unlined  steel  stack — diameter  in  inches  =  4.68  (lip.)  *.    {Formula  8-5.) 

For  masonry  lined  stack — diameter  in  inches  =  4.92  (hp.)  ■.  {Formula  8-6.) 

In  both  of  these  formulae,  h|).  =  the  rated  horsepower  of  the  boiler. 

From  this  formula  the  curve.  Figure  8-8.  has  been  calculated  and  from 

it  the  stack  diameter  for  any  boiler  horsepower  can  be  selected. 


Table  8-2.     Available  Draft 

Calrul.ilcd  fur  KKI-fl.  sliuk  of  different  diameters,  assuiiiiiif;  stack  teiiiperalure  of  .'lOO  den.  falir.  and  100  lb. 
Ill  ;;:iv  per  hp.      For  other  heights  of  stack  multiply  draft  by  height  -H  100 
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Diameter  of  stack  in  inches                                      | 

Horse 
power 

Diameter  of  stack  in  inches 

power 

36 

42 

48 

S4 

60 

66 

72 

78 

84 

90 

96 

102 

108 

114 

120 

90 

96 

102 

108 

114 

120 

132 

144 

100 

.  61 

2600 

.  17 

.  53 

56 

.59 

.61 

62 

61 

,65 

200 

55 

.62 

2700 

.  15 

52 

55 

.58 

,60 

62 

61 

,65 

;«)o 

.41 

.55 

.61 

280(1 

11 

.  50 

.  58 

.60 

61 

61 

65 

400 

.21 

.46 

.56 

.61 

2900 

12 

49 

51 

,57 

.59 

.61 

.63 

65 

500 

.  34 

.50 

..57 

.61 

3000 

10 

.18 

.  53 

,56 

.59 

61 

63 

,64 

600 

.19 

.42 

..53 

.59 

3100 

38 

17 

.  52 

.56 

.58 

.60 

63 

.64 

700 

.  31 

.48 

..56 

.60 

.63 

3200 

15 

51 

,55 

.58 

60 

63 

61 

800 

.23 

.43 

52 

,58 

.61 

.63 

3300 

11 

50 

.  54 

.  57 

.59 

62 

.64 

900 

.36 

!49 

.56 

.60 

.62 

.64 

3100 

.42 

19 

.53 

.56 

.59 

.62 

.64 

1000 

.29 

.  45 

.53 

.58 

.61 

.63 

.64 

3500 

40 

.48 

..52 

,56 

,58 

62 

64 

1100 

.40 

.50 

.56 

.60 

.62 

.63 

.64 

3600 

.47 

52 

.  55 

.58 

.61 

63 

1200 

.33 

.47 

.  54 

.58 

.61 

63 

.64 

.65 

3700 

.45 

.51 

.55 

.  57 

61 

.63 

1300 

.29 

.44 

.52 

.57 

.60 

.62 

.63 

.64 

.65 

3800 

44 

.50 

.54 

57 

,61 

.63 

1100 

.40 

.49 

..55 

,59 

.61 

.63 

.64 

.65 

.65 

3900 

13 

,19 

53 

.56 

60 

63 

1500 

.36 

.47 

.53 

.58 

.60 

.62 

.63 

.64 

.65 

.65 

1000 

42 

48 

.  52 

56 

60 

,62 

1600 

.31 

.43 

.52 

.56 

.59 

.62 

.63 

.64 

.65 

.  6.', 

11(1(1 

.  10 

,47 

.52 

__ 

.60 

.62 

1700 

.41 

.50 

..55 

.58 

.61 

.62 

.64 

.64 

.  65 

120(1 

.39 

.46 

^51 

.55 

.59 

.62 

1800 

.37 

.47 

.54 

.57 

.60 

.62 

.63 

.64 

.65 

1300 

.45 

.50 

.54 

.59 

.62 

1900 

.34 

.45 

52 

56 

.59 

.61 

.63 

.64 

.61 

1100 

44 

.49 

.53 

.59 

.62 

2000 

.43 

^50 

.55 

.59 

.61 

.62 

.63 

.64 

1.500 

.43 

.49 

,53 

.58 

.61 

2100 

.40 

19 

.54 

58 

60 

.62 

.63 

.64 

4600 

.42 

.48 

.  52 

.58 

.61 

2200 

.38 

.47 

.53 

.59 

.61 

.62 

,61 

1700 

.41 

.47 

.51 

.  57 

.61 

2300 

.  35 

.45 

52 

^56 

.59 

.61 

.62 

63 

1800 

.40 

.46 

.51 

.  57 

.60 

2400 

.32 

.43 

^50 

.55 

.58 

.60 

.62 

.  6.! 

1900 

.45 

.50 

.57 

.60 

2500 

.41 

.49 

..54 

.57 

.60 

.61 

.63 

50(10 

.44 

,49 

56 

.60 

For  other  stack  temperature  add  or  deduct  before  multiplying  by    "'^''^  as  follows:* 

For  750  deg.  fahr.                For  650  deg.  fahr.                For  550  deg.  fahr.                For  400  deg.  fahr. 

add  .17  in.                            add  .11  in.                            add  .04  in.                             deduct  .09  in. 

For  700  deg.  fahr.               For  600  deg.  fahr.                For  450  deg.  fahr.                For  350  deg.  fahr. 

add 

.14 

in. 

a 

Id 

08  i 

n. 

de 

due 

I  .01  in 

deduct 

U 

in. 

*  Results  secured  by  this  method  will  be  appro.ximately  correct 

For  stoker  practice  where  a  large  stack  serves  a  number  of  boilers,  the 
area  is  usually  made  about  one-third  more  than  the  above  rules  call  for, 
which  allows  for  leakage  of  air  through  the  setting  of  any  idle  boilers,  ir- 
regularities in  operating  conditions,  etc. 

Stacks  with  diameters  determined  as  above  will  give  an  available 
draft  which  bears  a  constant  ratio  of  the  theoretical  draft,  and  allowing  for 
the  cooling  of  the  gases  in  their  passage  upward  through  the  stack,  this 
ratio  is  0.8.  Using  this  factor  in  Formula  8-2,  and  transposing,  the  height  of 
the  chimnev  becomes.  , 

H  =  -57-  [Fonmila  8-7} 

.olV 

Where  H  =  height  of  stack  in  feet  above  the  level  of  the  grates, 
d^  =  available  draft  recjuired, 
K  =  constant  as  in  Formula  8-2. 
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Horsepower  of  Boilers 

Fig.  8-8.     Diameter  of  stacks  and  horsepower  tbey  will  serve 
Computed  from  Formula  (8-5).     For  brick  or  brick-lined  stacks  increase  tbe  diameter  ()  per  cent 

Losses  lx  Flues:  The  loss  of  draft  in  straight  flues  due  to  friction  and 
inertia  can  be  calculated  approximately  from  Formula  8-3,  uhich  was  given 
for  loss  in  stacks.  It  is  to  be  borne  in  mind  that  C  in  this  formula  is  the 
actual  perimeter  of  the  flue  and  is  least,  relative  to  the  cross-sectional  area, 
when  the  section  is  a  circle,  is  greater  for  a  square  section,  and  greatest  for  a 
rectangular  section.  The  retarding  effect  of  a  square  flue  is  12  per  cent 
greater  than  that  of  a  circular  flue  of  the  same  area  and  that  of  a  rectangular 
with  sides  as  1  and  1^2-  15  jier  cent  greater.  The  greater  resistance  of  the 
more  or  less  uneven  brick  or  concrete  flue  is  provided  for  in  the  value  of  the 
constants  given  for  Formula  8-3.  Both  steel  and  brick  flues  should  be  short 
and  should  have  as  near  a  circular  or  square  cross-section  as  possible. 
Abrupt  turns  are  to  be  avoided,  but  as  long  easy  sweeps  require  valuable 
space,  it  is  often  desirable  to  increase  the  height  of  the  stack  rather  than  to 
take  up  added  space  in  the  boiler  room.  Short  right-angle  turns  reduce 
the  draft  by  an  amount  which  can  be  roughly  aj>proximated  as  equal  to  0.05- 
in.  for  each  turn.  The  turns  which  the  gases  make  in  leaving  the  damper 
box  of  a  boiler,  in  entering  a  horizontal  flue  and  in  turning  up  into  a  stack 
should  always  be  considered.  The  cross-sectional  areas  of  the  passages 
leading  from  the  boilers  to  the  stack  should  be  of  ample  size  to  provide  against 
undue  frictional  loss.  It  is  poor  economy  to  restrict  the  size  of  the  flue  and 
thus  make  additional  stack  height  necessary  to  overcome  the  added  friction. 
The  general  practice  is  to  make  flue  areas  the  same  or  slightly  larger  than  that 
of  the  stack:  these  should  be.  jireferalily,  at  least  20  per  cent  greater,  and 
a  safe  rule  to  follow   in  iiguring  flue  areas  is  to  allow  35  sq.  ft.  per  1000 
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li()rs('|)o\ver.  It  is  unnpcossary  to  maintain  the  same  size  of  flue  the  entire 
(listanre  behind  a  row  of  boilers,  and  the  areas  at  any  point  may  be  made 
proportional  to  the  vohnne  of  "ases  that  will  pass  that  point.  That  is,  tlie 
areas  may  be  redueed  as  conneetions  to  various  boilers  are  passed. 

With  circular  steel  (lues  of  approximately  the  same  size  as  the  stacks,  or 
reduced  ])ro|)orlionally  to  the  volume  of  gases  they  will  handle,  a  convenient 
rule  is  to  allow  O.l-in.  draft  loss  per  100  ft.  of  flue  length  and  O.O.'i-in.  for 
each  right-angle  turn.  Th(>se  figures  are  also  good  for  s(juare  or  rectangular 
sleel  flues  with  areas  sufficient  to  provide  against  excessive  f'rictional  loss. 
For  losses  in  brick  or  concrete  flues,  these  figures  should  be  tloubled. 

Und(>rground  flues  are  less  desirable  than  overhead  or  rear  flues  for  the 
reason  that  in  most  instances  the  gases  will  have  to  make  more  turns  where 
underground  flues  are  used  and  because  the  cross-sectional  area  of  such 
flues  will  oftentimes  be  decreased  on  account  of  an  accunmlation  of  dirt  or 
water  which  it  may  be  impossible  to  remove. 

In  tall  buildings,  such  as  office  buildings,  it  is  frequ(>ntly  necessary  in 
order  to  carry  spent  gases  above  the  roofs  to  install  a  stack  the  height  of 
which  is  out  of  all  proportion  to  the  requirements  of  the  boilers.  In  such 
cases  it  is  permissilile  to  decrease  the  diameter  of  a  stack,  but  care  must  be 
taken  that  this  decrease  is  not  sufficient  to  cause  a  frictional  loss  in  the  stack 
as  great  as  the  added  draft  intensity  due  to  the  increase  in  height,  which 
local  conditions  make  necessary. 

In  such  cases  also  the  fact  that  the  stack  diameter  is  permissibly 
decreased  is  no  reason  why  flue  sizes  connecting  to  the  stack  should  be 
decreased.  These  should  still  be  figiu-ed  in  proportion  to  the  area  of  the  stack 
that  would  be  furnished  under  ordinary  conditions  or  w  ith  an  allow  ance  of 
35  sq.  ft.  per  1000  horsepower,  even  though  the  cross-sectional  area  appears 
out  of  proportion  to  the  stack  area. 

Loss  IN  Boilers:  In  calculating  the  available  draft  of  a  chimney,  120 
lb.  per  lir.  has  been  used  as  the  weight  of  the  gases  per  boiler  horse- 
power. This  covers  an  overload  of  the  boiler  to  an  extent  of  50  per  cent  and 
provides  for  the  use  of  poor  coal.  The  loss  in  draft  through  a  boiler  proper 
will  depend  upon  its  type  and  baffling  and  will  increase  with  the  per  cent 
of  rating  at  which  it  is  run.  No  figures  can  be  given  which  w ill  cover  all 
conditions,  but  for  approximate  use  in  figuring  the  available  draft  necessary 
it  may  be  assumed  that  the  loss  through  a  boiler  w ill  be  0.25-in.  where  the 
boiler  is  run  at  rating,  0.40-in.  where  it  is  run  at  150  per  cent  of  its  rated 
capacity,  and  0.70-in.  where  it  is  run  at  200  per  cent  of  its  rated  capacity. 

Loss  IN  Furnace:  The  draft  loss  in  the  furnace  or  tlirough  the  fuel 
bed  varies  between  wide  limits.  The  air  necessary  for  combustion  must 
pass  through  the  interstices  of  the  coal  on  the  grate.  \\  here  these  are 
large,  as  in  the  case  with  broken  coal,  but  little  pressure  is  required  to  force 
the  air  tlirough  the  bed;  but  if  they  are  small,  as  with  bituminous  slack  or 
small  sizes  of  anthracite,  a  much  greater  pressure  is  needed.  If  the  draft 
is  insufficient  the  coal  will  accumulate  on  the  grates  and  a  dead,  smoky  fire 
will  result  with  the  accompanying  poor  combustion:  if  the  draft  is  too  great, 
the  coal  may  be  rapidly  consumed  on  certain  portions  of  the  grate,  leaving 
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Pounds  of  Coal  Burned  per  Sq.  Ft.  of  Grate  Surface  per  Hour 

Fig.  8-9.     Draft  required  at  diilerent  combustion  rates  for  \  arious  kinds  of  coal 

the  fire  thin  in  spots  and  a  portion  of  the  grates  uncovered  with  the  resuUing 
losses  due  to  an  excessive  amount  of  air. 

Draft  Required  for  Different  Fuels:  For  every  kind  of  fuel  and 
rate  of  combustion  there  is  a  certain  draft  w  ith  which  the  best  general  results 
are  obtained.  A  comparatively  light  draft  is  best  with  the  free-burning 
bituminous  coals  and  the  amount  to  use  increases  as  the  percentage  of 
volatile  matter  diminishes  and  the  fixed  carbon  increases,  being  highest  for 
the  small  sizes  of  anthracites.  Numerous  other  factors,  such  as  the  thick- 
ness of  fires,  the  percentage  of  ash  and  the  air  spaces  in  the  grates  bear  directly 
on  this  question  of  the  draft  best  suited  to  a  given  coml)ustion  rate.  The 
effect  of  these  factors  can  only  be  found  by  experiment.  It  is  almost  im- 
possible to  show  by  one  set  of  curves  tiie  furnace  draft  recjuired  at  various 
rates  of  coml)ustion  for  all  of  the  different  conditions  of  fuel,  etc.,  that  may 
be  met.  The  curves  in  Figure  8-9,  however,  give  the  furnace  draft  necessary 
to  burn  various  kinds  of  coal  at  the  comliustion  rates  indicated  l)y  the  abscis- 
sae, for  a  general  set  of  conditions.  These  curves  have  been  plotted  from 
the  records  of  numerous  tests  and  allow  a  safe  margin  for  economically 
burning  coals  of  the  kinds  noted. 

Rate  of  Combustion:  The  amount  of  coal  which  can  be  burned  per 
hour  per  square  foot  of  grate  surface  is  governed  by  the  character  of  the  coal 
and  the  draft  available.     Where  the  boiler  and  grate  are  properly  propor- 


lioiu'd.  the  cHiciciic)  will  he  |»ra<li(all\  llic  same,  uitliin  rcasoiiahlc  limits, 
for  (lillVrciil  rales  ol"  eomhustion.  The  ana  of  the  f^rate.  and  tlie  ratio  ol' 
this  area  to  the  hoiler  lieatin<>  surlaee  will  depeiul  upon  the  nature  of  the  fuel 
to  he  hnrned.  and  the  stack  should  he  so  desiu:ned  as  to  jiive  a  dral'l  siillicient 
to  hurn  the  maximum  amount  ol"  fuel  per  sipiare  foot  of  j>rate  surface  cor- 
respondinji  to  the  maximum  evaporative  requirements  of  the  hoiler. 

Solution  of  a  Problem:  The  stack  diameter  can  be  determined  from 
the  curve.  ?"i<>:ure  8-8.  The  height  can  he  determined  l)\  addino;  the  draft 
losses  in  the  furnace.  throu<ih  the  boiler  and  tines,  and  cotuputiuji:  from 
Formula  8-7  the  height  necessary  to  give  this  draft. 

Example:  Proportion  a  stack  for  boilers  rated  at  2()()(l  horsepower, 
equipped  with  stokers,  and  burning  bituminous  coal  that  will  evaporate 
8  lb.  of  water  from  and  at  212  deg.  fahr.  per  lb.  of  fuel:  the  ratio  of  boiler 
heating  surface  to  grate  surface  being  50:  I:  the  flues  being  100  ft.  long  and 
containing  two  right-angle  turns;  the  stack  to  be  able  to  handle  overloads 
of  50  per  cent:  and  the  rated  horsepower  of  the  boilers  based  on  10  sq.  ft. 
of  heating  surface  per  horsepow  er. 

The  atmos])heric  tem|)erature  may  be  assumed  as  60  deg.  fahr.  and 
the  flue  temperatures  at  the  maximum  overload  as  550  deg.  fahr.     The 

grate  surface  ecpials  100  sq.  ft.     The  total  coal  burned  at  rating  =  - — ^^-^ 

=  862 1  lb.     The  coal  per  square  foot  of  grate  surface  per  hour  at  rating 

400  —  '"• 

For  50  per  cent  overload  the  combustion  rate  will  be  approximately 
60  per  cent  greater  than  this,  or  1.60  x  22  =  35  lb.  per  sq.  ft.  of  grate 
surface  per  hr.  The  furnace  draft  required  for  the  combustion  rate,  from 
the  curve.  Figure  8-9,  is  0.6-in.  The  loss  in  the  boiler  will  be  0.1-in..  in  the 
flue  0.1  in.,  and  in  the  turns  2x0.05  =  0.1-in.  Tiie  available  draft  required 
at  the  base  of  the  stack  is,  therefore, 

Jrirlii's 

Boiler 0.4 

Furnace 0.6 

Flues 0.1 

Tm"ns 0.1 

Total T2 

Since  the  available  draft  is  80  per  cent  of  the  theoretiial  draft,  this  draft 
due  to  the  height  required  is  1.2  ^  0.8  =  1.5  inches. 

The  chinmey  constant  for  temperatures  of  60  deg.  fahr.  and  550  deg. 
fahr.  is  0.0071  and  from  Formula  8-7, 

Its  diameter  from  curve  in  Figure  8-7  is  96  in.  if  unlined.  and  102  in. 
inside  if  lined  with  masonry.  The  cross-sectional  area  of  the  thie  should 
be  approximately  70  sq.  ft.  at  the  point  where  the  total  amount  of  gas  is  to 
be  handled,  tapering  to  the  boiler  farthest  from  the  stack  to  a  size  which 
w  ill  depend  upon  the  size  of  the  boiler  units  used. 
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Correction  ix  Stack  Sizes  for  Altitides:  It  has  l)een  assumed 
that  a  stack  heijjht  for  altitude  will  be  increased  inversely  as  the  ratio  of 
liaronietric  pressure  at  the  altitude  to  that  at  sea  level,  and  that  the  stack 
diameter  increases  inversely  as  the  two-fifths  power  of  this  ratio.  This 
relation  assumes  a  constant  draft  measured  in  inches  of  water  at  base  of 
stack  for  a  given  rate  of  boiler  (jperation.  regardless  of  altitude. 

If  the  assumption  be  made  that  boilers.  Hues  and  furnaces  remain  the 
same,  and  furtluM-  that  the  increased  velocity  of  a  given  weight  of  air  passing 
through  th(^  furnace  at  a  higher  altitude  would  have  no  effect  on  the  com- 
bustion, the  theory  has  been  advanced*  that  a  different  law  applies. 

I  nder  the  above  assumjitions.  whenever  a  stack  is  working  at  its  maxi- 
mum capacity  at  any  altitude,  the  entire  draft  is  utilized  in  overcoming  the 
various  resistances,  each  of  which  is  proi)ortional  to  the  square  of  the  velocity 
of  the  gases.  Since  boiler  areas  are  fixed,  all  velocities  may  be  related  to  a 
common  velocity,  say  that  within  the  stack,  and  all  resistances  may,  there- 
fore, be  expressed  as  ])roportional  to  the  square  of  the  chimney  velocity. 
The  total  resistance  to  flow,  in  terms  of  velocity  head,  may  be  expressed  in 
terms  of  weight  of  a  column  of  external  air.  the  numerical  value  of  such  head 
being  independent  of  the  barometric  pressure.  Likewise  the  draft  of  a  stack, 
expressed  in  height  of  cohunii  of  external  air.  will  lie  numerically  independent 
of  the  barometric  pressure.  It  is  evident,  therefore,  that  if  a  given  boiler 
plant,  with  its  stack  operated  with  a  hxed  fuel,  be  trans])lanted  from  sea 
level  to  an  altitude,  assuming  the  tem|)eratures  remain  constant,  the  total 
draft  head  measured  in  height  of  column  of  external  air  will  be  numerically 
constant.  The  velocity  of  chimney  gases  will,  therefore,  remain  the  same  at 
altitude  as  at  sea  level  and  the  weight  of  gases  flowing  per  second  with  a 
fixed  velocity  will  l)e  ])ro})ortional  to  the  atmospheric  density  or  inversely 
proportional  to  the  normal  Ijarometric  pressure. 

To  develop  a  given  horsepower  requires  a  constant  weight  of  chimney 
gas  and  air  for  combustion.  Hence,  as  altitude  is  increased,  the  density  is 
decreased  and,  for  the  assumptions  given,  the  velocity  through  furnace, 
boiler  passes,  breeching  and  flues  must  be  correspondingly  greater  at  altitude 
than  at  sea  level.  The  mean  velocity,  therefore,  for  given  boiler  horsepower 
and  constant  weight  of  gases  will  be  inversely  proportional  to  the  barometric 
pressure  and  the  velocity  head  measured  in  colunm  of  external  air  will  be 
inversely  proportional  to  the  square  of  the  barometric  j)ressure. 

For  stacks  operating  at  altitude  it  is  necessary  not  only  to  increase  the 
height  but  also  the  diameter,  as  there  is  an  added  resistance  within  the  stack 
due  to  the  added  friction  from  the  additional  height.  This  frictional  loss 
can  be  compensated  l)y  a  suitable  increase  in  the  diameter  and  when  so  com- 
pensated, the  chimney  height  would  have  to  be  increased  at  a  ratio  inversely 
proportional  to  the  square  of  the  normal  barometric  pressure. 

In  designing  a  boiler  for  high  altitudes,  as  already  stated,  the  assumption 
is  usually  made  that  a  given  grade  of  fuel  will  require  the  same  draft  measured 
in  inches  of  water  at  the  boiler  damper  as  at  sea  level,  and  this  leads  to  mak- 
ing the  stack  height  inversely  as  the  barometric  pressures,  instead  of  inversely 
as  the  square  of  the  barometric  pressures.     The  correct  height,  no  doubt, 
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falls  soniinvlioro  between  the  two  values  as  larjrer  flues  are  usually  used  at 
the  higher  altitudes,  whereas  to  obtain  the  ratio  ol"  the  squares,  the  flues 
must  be  the  same  size  in  each  rase,  and  again  the  effect  of  an  increased 
velocity  of  a  given  weight  of  air  through  the  lire  at  a  high  altitude,  on  the 
combustion,  must  be  neglected.  In  making  capacity  tests  with  coal  fuel, 
no  difl'ercMice  has  been  noted  in  the  rates  of  combustion  for  a  given  draft 
suction  measured  by  a  water  column  at  high  and  low  altitudes,  and  this  would 
make  it  appear  that  the  correct  height  to  use  is  more  nearly  that  obtained 
by  the  inverse  ratio  of  the  barometric  readings  than  by  the  inverse  ratio 
of  the  squares  of  the  barometric  readings.  If  the  assumption  is  made  that 
the  value  falls  midway  between  the  tw  o  formula^,  the  error  in  using  a  stack 
figured  in  the  ordinary  way  by  making  the  height  inversely  ])roportional 
to  the  barometric  readings,  would  differ  about  10  per  cent  in  capacity  at  an 
altitude  of  10000  ft.,  which  difference  is  well  within  the  probable  variation 
of  the  size  determined  by  different  methods.  It  would,  therefore,  appear 
that  am{)le  accuracy  is  obtained  in  all  cases  by  simply  making  the  height 
inversely  proportional  to  the  barometric  readings  and  increasing  the  diameter 
so  that  the  stacks  used  at  high  altitudes  have  the  same  frictional  resistance 
as  those  used  at  low  altitudes,  although,  if  desired,  the  stack  may  be  made 
somewhat  higher  at  high  altitudes  than  called  for  in  order  to  be  safe. 

The  increase  of  stack  diameter  necessary  to  maintain  the  same  friction 
loss  is  inversely  as  the  two-fifths  power  of  the  barometric  pressure. 

Table  8-3.     Stack  Capacities,  Correction  Factors  for  Altitudes 


Altitude,  height 

in  feet  above 

sea  level 


R,  ratio  baromete 

reading  sea 

level  to  altitude 


Rs  ratio 

increase  in  stack 

diameter 


0 

30.00 

1.000 

1.000 

1.000 

1000 

28.88 

1.0.39 

1.079 

1.015 

2000 

27.80 

1.079 

1.164 

1.030 

3000 

26.76 

1.121 

1.257 

1.047 

4000 

25.76 

1.165 

1.356 

1:063 

5000 

24.79 

1.210 

1.464 

1.079 

6000 

23.87 

1.257 

1.580 

1.096 

7000 

22.97 

1..306 

1.706 

1.113 

8000 

22.11 

1..357 

1.841 

1.130 

9000 

21.28 

1.410 

1.988 

1.147 

10000 

20.19 

1.464 

2.144 

1.165 

Table  8-3  gives  the  ratio  of  barometric  readings  of  various  altitudes 
to  sea  level,  values  for  the  square  of  this  ratio  and  values  of  the  two-fifths 
power  of  this  ratio.  These  figures  show  that  the  altitude  affects  the  height 
to  a  much  greater  extent  than  the  diameter,  and  that  practically  no  increase 
in  diameter  is  necessary  for  altitudes  up  to  3000  ft. 

For  high  altitudes  the  increase  in  stack  height  necessary  is,  in  some 
cases,  such  as  to  make  the  proportion  of  height  to  diameter  impracticable. 
The  method  to  be  recommended  in  overcoming,  at  least  partially,  the  great 
increase  in  height  necessary  at  high  altitudes  is  an  increase  in  the  grate  sur- 
face of  the  boilers  w  hich  tiie  stack  serves,  in  this  way  reducing  the  combus- 
tion rate  necessary  to  develop  a  given  power  and  hence  the  draft  required 
for  such  combustion  rate. 


CHAPTER  IX 

Boilers 

THE  boiler  equipment  is  the  production  center  of  the  heating  system 
and  the  point  where  tlie  bulk  of  the  operating  expense  is  centered.     For 
tiiis  reason,  a  heating  plant  can  be  successful  and  economical  only  if 
the  boiler  equipment  is  of  correct  type,  good  material  and  workmanship, 
well  proportioned  from  the  standpoint  of  its  work  and  ample  in  capacity. 

Service  from  a  heating  system  cannot  properly  be  termed  satisfactory 
unless  the  desired  heating  effect  is  secured  without  waste  of  fuel  and  without 
excess  labor  at  the  boilers,  so  it  is  the  endeavor  of  this  chapter  to  promote 
a  better  understanding  of  the  boiler  parts  and  what  they  should  do. 

Due  consideration  should  be  given  to  the  proper  selection  of  a  boiler, 
not  only  as  to  size  and  capacity,  but  also  as  to  its  adaptability  to  the  existing 
local  conditions  which,  if  not  properly  considered,  may  affect  the  success  of 
the  entire  plant. 

It  is  not  intended  in  this  discussion  to  cover  any  details  of  boiler  con- 
struction, which  properly  come  under  the  province  of.  and  can  best  be  solved 
by,  the  boiler  makers  themselves. 

Steam  boilers  have  been  built  in  one  form  or  another  for  nearly  200 
years,  yet  today  they  are  the  least  understood  of  all  the  important  elements 
Avhich  make  up  a  power  or  heating  plant. 

If  it  were  not  necessarx  to  consider  the  efficiency  of  the  performance 
of  a  steam  boiler,  such  as  the  number  of  pounds  of  water  evaporated  by  a 
pound  of  fuel,  or  the  relation  of  grate  surface  to  heating  surface,  etc.,  the 
problem  would  be  simple. 

All  the  years  of  experience  and  the  thousands  of  evaporating  tests 
made  have  not  produced  any  definite  and  reliable  rule  or  fornuda  for  cal- 
culating either  the  amount  of  steam  that  will  be  generated  per  hour  with  a 
given  fuel  or  the  quantity  of  steam  in  pounds  produced  per  pound  of  fuel 
biu-ned  in  the  fiu-nace. 

Lucke*  says:  "There  is  no  absolute  measure  of  boiler  performance  as 
to  capacity  or  efficiency  as  a  basis  of  comparison  to  measure  the  goodness 
of  a  boiler  as  a  boiler:  comparison  must,  therefore,  be  between  one  and 
another  boiler,  or  one  and  another  service  condition:  one  boiler  may  be  said 
to  be  better  than  another,  or  one  condition  more  favorable  and  another 
worse,  for  the  result  desired,  but  iiardly  more  than  this  is  possible." 

For  commercial  purposes,  boiler  capacities  seem  to  be  quite  well  stand- 
ardized, boilers  used  for  heating  work  being  rated  in  capacity  of  square 
feet  of  steam  radiation,  and  boilers  for  power  work  in  boiler  horse-power. 

The  boiler  capacity  rating  in  square  feet  is  based  on  equivalent  cast- 
iron  direct  radiation  with  condensation  rate  of  34  lb.  steam  per  sq.  ft.  per  hr. 

The  American  Society  of  Mechanical  Engineers  in  1885  adopted  a 
double  definition  of  the  Boiler  Horsepower  as  follows: 

(a)  The  ca  aporatlon  of  34.5  lb.  water  per  hr.  from  and  at  212  deg.  fahr. 
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(b)  The  ahsnrption  hy  water,  l)el\v('on  fiiol  oonditions  aiiH  that  of  the 
steam  leavinji  I  lie  l)oiler,  of  33, 150.')  li.t.u.  ])er  hr. 

A  steam  l)oiler  consists  of  I  lie  following  essential  |)arts:  A  furnace  in 
which  the  combustion  of  the  fuel  lakes  place:  a  vessel  to  contain  water  to 
be  evaporated:  a  steam  space  where  the  steam  is  liberated  and  \vli(>re  the 
generated  steam  is  contained:  a  heating  surface  to  Iransmit  the  heat  of  the 
furnace  to  the  water:  a  smoke  ])ipe  to  carry  awav  the  products  of  combustion, 
andvarious  attachments, such  as  gauges, damper  regulators, safety  valves, etc. 

A  proper  relation  of  the  first  four  parts  to  each  otlier  constitutes  a  suc- 
cessful heating  boiler. 

It  is  of  i)rime  importance  that  the  furnace  is  of  proper  design  as  regards 
grate  area,  size  of  combustion  chamber,  ash  pit,  etc.,  to  give  most  efhcient 
operation,  permitting  the  consumption  of  the  maximum  effective  quantity 
of  fuel  per  square  foot  of  grate  area.  Further  references  will  be  made  to 
importance  of  selecting  the  ]iroper  kind  of  grates  for  the  various  grades  of 
fuel  available  in  various  localities. 

The  water  space  or  the  >\ater-holding  cajiacity  of  a  boiler  does  not  al- 
ways receive  enough  attention.  It  should  be  remenib(^red  that  the  boiler 
which  holds  the  greatest  quantity  of  water  at  or  near  the  normal  w  ater  line 
for  given  size  or  capacity  is  the  safest  one  to  use,  because  in  such  a  boiler 
the  water  line  is  not  so  readily  brought  down  to  and  below  the  danger  ])oint. 
as  compared  w  ith  another  having  only  al)Out  half  the  w  ater-holding  caj)acity. 

An  investigation  of  the  various  cast-iron  boilers  to  which  our  remarks 
regarding  the  water-holding  capacity  particularly  r(>fer,  will  show  that  there 
is  an  astonishing  difference  in  this  particular  feature.  Selecting  two  l)oilers 
of  the  same  capacity  but  of  different  makes,  it  will  be  found  that  the  w ater- 
holding  capacity  at  or  near  normal  water  line  varies  as  mucli  as  1  to  4. 
It  stands  to  reason  that  the  boiler  from  which  4  gal.  of  water  can  be  with- 
drawn by  lowering  the  water  line  1.2  in.  will  l)e  safer  than  the  Ijoiler  which 
shows  I'-o  in.  lower  water  w ith  loss  of  only  1  gallon. 

Boiler  manufacturers  recognize  more  and  more  that  if  a  boiler  is  to  be 
successful  the  steam  space  should  be  lilieral.  The  velocity  with  which  the 
steam  bubbles  are  separated  from  the  water  in  the  lilierating  space  is  ex- 
tremely high.  A  boiler  with  limited  steam-liberating  surface  w  ill  very  likely 
lose  its  water  under  heavy  load  conditions  l)ecause  under  the  influence  of 
this  velocity,  particles  are  carried  over  w  ith  the  steam  into  the  pijMiig  system. 

The  heating  surface  of  a  boiler  includes  all  parts  of  the  boiler  shell, 
flues,  tubes,  etc..  covered  by  water  and  exposed  to  hot  gases.  Surface  hav- 
ing steam  on  one  side  and  hot  gases  on  the  other  is  sufjerheating  surface. 

The  American  Society  of  Mechanical  Engineers  recommends  that  in 
measuring  heating  surface,  the  side  next  to  the  gases  be  used.  Thus  when 
estimating  the  heating  surface  of  water-tube  boilers,  the  outside  areas  of  the 
tubes  are  measured,  and  for  return-tul)ular  or  fire-box  boilers  the  inside 
areas  are  measured. 

The  heat  generated  by  the  combustion  of  fuel  permeates  from  the  fur- 
nace through  the  heating  surface  to  the  water  in  the  boiler.  As  the  process 
of  combustion  proceeds,  the  heat  liberated  is  immediately  absorbed,  partly 
by  heat  from  the  freshly  added  fuel,  but  mainly  from  the  gaseous  products  of 
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combustion.  The  absorption  of  heat  by  these  substances  causes  a  rise  in 
their  temperature  and  from  these  gases  the  heat  is  transmitted  through  the 
iieating  surfaces  into  the  lioiler  water.  This  transmission  of  iieat  takes 
place  in  three  distinct  ways,  each  of  whicii  is  governed  h\  a  definite  law  not 
applicable  to  the  others. 

Before  the  heat  reaches  the  body  (jf  the  boiler  water,  it  changes  its  mode 
of  travel  at  least  twice.  It  is  first  imparted  to  the  heating  surface:  (a)  by 
radialioji  from  the  hot  fuel  bed.  the  furnace  walls  and  the  luminous  flames, 
and  (b)  l>y  convection  from  the  hot  moving  gaseous  products  of  combustion. 
I  pon  reaching  the  heating  surfaces  the  heat  clianges  its  mode  of  trans- 
mission and  passes  through  the  soot,  metal  and  scale  to  the  inner  surface, 
which  is  in  contact  with  the  water,  purely  by  conduction.  From  the  wet 
side  of  the  heating  surface  the  heat  is  carried  into  the  boiler  water  mainly 
by  convection.* 

Tiie  water  in  the  Ijoiler  can  absorb  only  that  heat  called  the  "heat 
available  for  the  boiler,"  which  is  above  its  own  tem{)erature.  Heat  below 
this  temperature  w  ill  not  flow  into  the  boiler  and  is,  therefore,  not  available. 

A  commercial  boiler  absorbs  only  part  of  the  available  heat,  which 
expressed  as  a  percentage,  is  the  true  boiler  efFciency.  This  efliciency  de- 
pends chiefly  on  the  arrangement  of  the  heating  surfaces.  Therefore,  from 
point  of  economy  in  operation,  the  lieating  surface  availalile  and  its  arrange- 
ment should  be  carefully  considered  by  the  designer  when  selecting  l)oiler 
equipment  for  a  heating  plant. 

The  boiler  efficiency,  which  is  the  only  true  measure  of  the  ai)ilit\  of 

the  boiler  to  absorb  heat,  is  expressed  by  the  follo\^ing  equation: 

m        1    -1        tT  ■  'leat  absorbed  bv  boiler 

true  l)oiler  etiiciencv  =  t r r.— r-j — ~ — j — rj — 

iieat  avanabte  tor  boiter 

The  efficiencies  ordinarily  used  in  conutiercial  boiler  tests  may  not  rep- 
resent the  true  performance  of  the  boiler  under  actual  working  conditions. 

Boiler  capacities  as  given  in  catalogues  of  manufacturers  of  heating 
boilers  are  based  on  the  efficiencies  obtained  in  the  testing  lal)oratories.  and 
these  may  not  be  representative  of  true  conditions.  In  selecting  a  boiler 
for  a  heating  plant,  due  allowance  should  l)e  made  to  take  care  of  this  dis- 
crepancy by  adding  a  factor  of  safety  to  compensate  for  the  difference  in 
laboratory  and  actual  working  conditions.  This  allowance,  which  may 
be  called  the  safety  factor  to  be  added  to  the  theoretical  capacity,  varies 
w  idely  for  the  various  types  of  lioilers.  Before  determining  the  safety  factor 
to  be  added  to  the  commercial  rating,  the  designer  should  carefully  consider 
the  tyj)e  of  boiler,  the  kind  of  fuel  to  be  used,  and  the  kind  of  attention  the 
plant  will  receive,  as  all  these  bear  on  the  performance  and  efficiency. 

The  necessity  of  jjroviding  an  extra  safety  factor  is  recognized  also  by 
the  heating  trade  and  various  trade  associations  that  have  established  rules 
and  regulations  for  guidance  of  members  in  determining  boiler  capacities. 

The  difiiculty  in  obtaining  the  more  desirable  grades  of  coal  has  re- 
sulted in  an  increasing  tendency  to  use  coals  which  are  more  readily  obtain- 
able and  lower  in  cost.     The  grates  of  the  boilers  should   therefore  be 
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properly  designod  for  the  fuel  \vliicli  will  most  likely  be  used.  Different 
authorities  have  a  wide  range  of  opinion  as  to  the  width  of  the  air  space 
that  should  be  used  between  grate  bar  openings  for  a  given  grade  of  fuel. 

Professor  Gebhardt  recommends  an  air  space  of  ^g  in.  between  the  grate 
bars  and  bars  ^4  in.  w ide  for  power  boilers  and  for  average  bituminous  coal. 

For  No.  3  buckwheat  coal  an  air  space  of  3  16  in.  and  for  No.  1  Inick- 
wheat  5  16  in.  is  reconnnended. 

Grate  areas  are  usually  determined  in  proportion  to  the  heating  surface 
of  the  boiler,  that  is.  for  a  given  fuel,  the  grate  surface  and  heating  surface 
have  a  fixed  ratio.  For  normal  operation,  a  ratio  of  grate  surface  to  heat- 
ing surface  of  1  to  3.5  to  45  develops  the  rated  capacity  of  the  boiler,  while 
for  fine  coal  or  overload  conditions,  a  ratio  of  1  to  25  is  desirable. 

For  return-tubular  boilers  and  water-tube  boilers,  the  following  table 
show  s  the  usual  ratios  of  grate  surface  to  heating  surface  and  also  the  grate 
bar  openings  applying  with  these  ratios  when  using  soft  coal  fuel. 

Table  9-1.     Grate  Surfaces  for  Soft  Coals 


Coal 


/-. ,„  v.„,  „ • „  Ratio  of  grate  surface  to 

Orate  bar  openings  u     T-          -r 

'^        "  heating  surtace. 

Mine  run            Slack  Mine  run            Slack 


Va.,  W.  Va..  Md.,  Pa H-in.  ?s-in.  1:55  1:50 

Ohio,  Ky.,  Tenn.,  Ala H-}4  li  1:50  1:45 

111.,  Ind.,  Kan.,  Okla ^/i  -  V"  H  1:45  1:40 

Col.  and  Wyo ?^  }i  1 :45  1 :40 

Determination  of  the  amount  of  grate  surface  to  be  used  under  given 
conditions  involves  the  available  draft  as  well  as  the  fuel  to  be  used.  The 
curves  given  in  Figure  8-^),  page  85.  show  how  mucli  draft  is  necessary  for 
burning  different  coals  at  various  rates  of  combustion. 

The  draft  required  to  overcome  resistances  in  the  boiler  is  also  given  in 
Chapter  8.  pages  83  and  84.  These  losses  in  the  boiler  and  furnace  must  be 
deducted  from  the  total  available  draft  to  determine  the  draft  available  for 
the  fuel  bed. 

The  capacity  of  the  boiler  and  the  B.t.u.  to  be  developed  being  known, 
the  number  of  pounds  of  coal  to  be  burned  can  be  readily  computed.  The 
total  grate  area  recjuired  is  found  by  dividing  the  total  nimiber  of  pounds  of 
coal  to  be  burned  l)y  the  rate  of  combustion  taken  from  Figure  8-9.  page  85. 

Hand-fired  return  tubular  and  water-tube  boilers  are  readily  operated 
at  the  rates  of  combustion  in  poimds  of  coal  per  square  foot  of  grate  area 
given  in  Table  9-2. 

Small  boilers  of  the  residence-heating  type  usually  Inirn  coal  at  rates 
ranging  from  1  to  5  lb.  per  sq.  ft.  of  grate  surface  per  hr.  and  in  larger  heating 

Table  9-2.    Rates  of  Combustion  for  Various  Coals 

Anthracite 15  lb.  per  sq.  ft.  per  hr. 

Semi-anthracite 16 

Semi-liituminous 18  "       ' 

Eastern  bituminous 20  "       ' ' 

Western  l.ituminous 2K  "       "     "     "     "     " 


boilers  the  ratio  ranges  from  i  to  12  lb.  per  sq.  ft.  of  grate  surface  per  hr. 

These  low  rates  of  combustion  are  the  result  of  demands  for  less  fre- 
quent attention,  in  order  that  the  man  who  fires  the  boiler  may  devote  time 
to  other  work.  In  consequence,  heating  boilers  are  expected  to  do  their 
work  w  hen  lired  once  every  horn*  or  two  or  in  residence  heating,  once  in  six 
to  eight  hours,  whereas  power  boilers  are  fired  at  regular  intervals  of  live 
to  ten  minutes.* 

Another  reason  why  heating  boilers  require  different  tiring  methods 
to  burn  bituminous  coals  successfully  is  that  the  space  in  the  fire-box  al)ove 
the  fuel  bed  is  usually  very  much  smaller  than  is  the  corresponding  space  in 
power  boilers.*  This  space,  known  as  the  combustion  chamber,  is  where  the 
smoky  gases  driven  off  from  the  coal  must  become  mixed  w  itli  air  and  burn. 
The  more  rapidly  the  combustible  gases  are  driven  off  from  the  coal,  the 
larger  must  be  the  space  necessary  for  burning  them  completely.  The 
relatively  small  combustion  sj^ace  in  heating  boilers  makes  it  important 
that  the  firing  be  done  in  a  way  to  prevent  the  gases  from  being  driven  off 
too  rapidly. t 

The  type  of  boiler  to  fit  the  given  conditions  most  satisfactorily  depends 
upon  the  physical  conditions  of  the  plant,  as  well  as  the  type  of  heating 
system  selected.  The  success  of  one  depends  upon  the  other.  For  this 
reason  boiler  selection  is  discussed  also  in  Chapter  10,  Selection  of  the 
Proper  Type  of  Steam  Heating  System. 

On  account  of  the  great  vai'iation  of  governing  conditions,  no  attempt 
will  be  made  here  to  discuss  in  detail  the  method  of  installation  of  the  boilers 
or  their  connections. 

Precautions  should  be  taken  in  the  design  of  tlie  boiler  i)lant  to  mini- 
mize l)ad  effects  from  priming. 

Liberal  bleeder  or  drip  connt^ctions  from  the  boiler  header,  connecting 
directly  to  the  return  header.  (4iminate  a  great  percentage  of  this  trouble. 

Priming  in  most  cases  is  due  to  the  presence  of  grease  or  oil  in  the  boiler 
or  to  the  presence  in  the  water  of  certain  alkalies  which  cause  the  water  to 
foam  or  bubble,  and  be  carried  into  the  piping  system  by  the  steam.  Before 
it  can  be  expected  to  perform  its  functions  uniformly,  effectively  and  economi- 
cally, a  boiler  must  be  thoroughly  cleansed  of  oil.  scale,  dirt  and  other  im- 
purities. The  priming  of  boilers  is  not  confined  to  any  pai'ticular  type  or 
make.  The  plant  designer  w ill  safeguard  the  interest  of  the  owner  and  him- 
self as  well,  if  he  makes  sure  that  bleeder  connections  ai'e  made  to  protect 
the  boiler  in  case  of  priming  and  that  his  instructions  about  proper  cleaning 
of  the  boiler  and  the  entire  heating  system  are  carried  out  in  full  by  the 
heating  contractor. 

For  thoroughly  cleaning  a  boiler,  the  safety  valve  should  be  removed 
and  a  sufficient  quantity  of  soda  ash  should  be  placed  within  the  boiler  to 
cause  saponification  of  oils  and  grease.  A  temporary  overflow  i)ipe  should 
be  run  to  waste  from  the  safety  valve  outlet  or  highest  jjoint  of  the  l)oiler. 

*  Technical  Paper  ISO,  United  States  Bureau  of  Mines 

t  For  further  reference  to  the  importance  and  effect  of  combustion  space  see  Technical  Papers  6.1,  SO 
and  137  of  the  United  States  Bureau  of  Mines 


With  a  moderate  fire  and  the  afhhtion  of  feed  water  as  required  to 
l)reveiit  injury,  the  foaming  of  the  hoihM-  will  cause  the  flow  of  oil  and  grease 
through  the  overflow  pipe  to  waste.  After  thorough  boiling,  the  fire  should 
he  drawn  and  when  cool,  the  water  should  be  withdrawn  and  then  the 
boiler  should  be  thoroughly  washed  with  clean  water  to  remove  dirt  and 
chemicals.  This  treatment  for  boilers  should  be  repeated  whenever  neces- 
.sary  as  indicated  by  abnormal  fluctuations  of  the  water  line  or  by  the  appear- 
ance of  foaming. 

Damper  control  is  an  important  feature  of  boiler  o])eration.  There  are 
two  classes  of  damj^er  regulators.  (I)  those  that  move  the  damper  for  slight 
changes  in  the  steam  pressure,  with  a  pro|)ortional  movement  due  to  the 
change  in  pressure  and  (2)  those  that  operate  th(^  dampers  between  extreme 
positions  when  the  steam  ])ressure  changes.  The  lirst  is  preferable  from  the 
standpoint  of  economical  combustion. 

As  mentioned  in  Chapter  8.  the  fuel  in  a  steam-boiler  furnace  is  made  to 
burn  by  passing  through  it  a  currcMit  of  air.  which  supjjlies  the  necessary 
oxygen  and  carries  away  the  products  of  comliustion.  A  liberal  supply  of 
available  air  is  therefore  very  im])ortant.  Yet  in  many  cases  the  space 
allotted  to  the  boiler  room  is  inside,  small  and  v,  ithout  adequate  air  supply 
for  combustion.  Boiler  rooms  should  be  of  am])le  size  and  dej)tli  to  ac- 
conniiodate  the  boilers  without  crowding,  and  should  have  an  abundant 
suj)ply  of  air  for  hoth  combustion  and  ventilation.  The  s])ace  in  front  of 
the  boilers  shoidd  be  ample  for  convenience  and  comfort.  A  cramped  l)oiler 
room  is  not  only  unsightly.  Init  it  also  adds  to  the  difficulty  of  taking  care  of 
the  plant  eliiciently.  The  attendant,  when  firing,  has  to  stand  about  fi  2  or 
5  ft.  from  the  front  of  the  furnace  and  usually  about  12  to  18  in.  to  the 
left  of  a  straight  line  running  through  the  centre  of  the  furnace  door.  He 
should  have  ample  room  to  sw  ing  his  scoop  from  the  coal  pile  into  any  part 
of  the  furnace. 

Many  a  fu'eman  is  l)lamed  for  the  j)oor  economy  shown  by  the  plant  he 
operates  where  the  dissatisfaction  should  be  charged  at  least  partially  to 
the  plant  designer.  It  is  difficult  to  keep  skillful  firemen  in  a  small,  jjoorly- 
ke|)t  boiler  room. 

The  size  and  lyi)e  of  lioiler  to  be  specified  and  the  evaporation  the  boiler 
will  give  are  problems  in  which  the  advice  of  the  boiler  maker  may  well  be 
considered.  The  boiler  maker  is  usually  quite  willing  to  co-ojjerate  if 
provided  with  such  data  as  the  total  radiation  in  square  feet  and  pounds  of 
condensation,  total  condensation  of  the  steam  and  return  lines  in  equivalent 
square  feet  of  radiation  and  jiounds.  the  quality  and  size  of  fuel  available, 
the  size  and  heiglit  of  chinmey  and  the  firing  period  to  be  allowed. 


CHAPTER  X 

Selection  of  the  Proper  Type  of  Steam 
Heating  System 

TUV.  heat  requirements  of  tlie  huilding  having  been  determined,  the 
next  step  is  the  selection  of  tlie  proj)er  type  of  steam  heating  system 

to  fit  the  particuhir  needs.  It  is  essential  that  the  system  of  supply 
and  return  piping  shall  be  such  that  the  circulation  of  steam  will  be  posi- 
tively and  uniformly  maintained  and  that  the  air  and  the  products  of 
condensation  shall  be  disjDosed  of  continuously  in  order  that  the  system  shall 
be  efficient  as  well  as  economical  in  operation. 

Two  broad  types  of  two-pijie  steam  heating  systems  have  ])roved  so 
successful  during  the  past  20  years  that  their  use  has  become  the  modern 
standard  practice. 

Each  type  is  flexil)le  in  its  api)lication  and  may  be  modified  in  detail 
ti>  meet  the  variable  conditions  that  arise. 

These  two  types  are  the  Open  Return-Line  or  Modnlation  System  and 
the  ^'(lcuum  System. 

In  the  Open  Return-Line  or  Modulation  System  a  pressin-e  slightly  above 
atmosphere  is  maintained  in  the  supi)ly  piping  and  radiators,  the  products 
of  condensation  flowing  by  gravity  to  a  point  of  disposal  at  which  atmos- 
pheric or  occasionally  slightly  lower  pressure  exists.  Here  the  air  is  vented 
through  suitable  devices  and  the  ct)ndensation  is  either  returned  to  the  boiler, 
if  one  is  provided,  or  wasted  to  the  sewer,  if  the  source  of  supply  is  a  so-called 
"street  system." 

In  its  simplest  form  a  modidation  system  consists  of  a  low-pressure 
steam  boiler  and  its  appurtenances,  supply  piping,  radiating  surfaces,  a 
modulation  or  graduated  control  valve  at  the  inlet  of  each  radiator  and 
a  thermostatic  return  traj)  at  the  outlet,  a  system  of  return  jiiping  with  a 
device  at  the  end  to  automatically  remove  the  air  and  return  the  water  of 
condensation  to  the  boiler.  Under  favorable  conditions  the  boiler  operates, 
after  initial  heating,  for  long  periods  under  vapor  or  partial  vaciuim,  but 
due  to  the  flexibility  of  the  system,  higher  pressures  are  permitted  in  severe 
weather,  when  maximum  heating  retiuirements  exist.  It  is  very  im[)ortant 
that  the  steam  pressure  shall  be  closely  controlled  by  means  of  an  extremely 
sensitive  damper  regvdator  which  will  maintain  the  pressure  always  within 
a  few  ounces  of  that  for  which  the  regulator  is  set,  thus  making  it  ])ossible 
to  operate  the  boiler  at  or  near  atmosijheric  pressure  during  mild  weather. 
The  damper  regulator  also  serves  to  cjuickly  check  the  fire  whenever  there 
is  a  tendency  for  the  pressure  to  rise,  due  either  to  a  sudden  closing  oft'  of  a 
consideral)le  amount  of  the  radiating  surface  or  carelessness  on  the  part  of 
the  attendant,  after  firing  up  the  boiler. 

For  reasons  of  safety  it  is  necessary  that  the  device  returning  the  con- 
densation to  the  boiler  shall  function  properly  when  the  steam  pressure 
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rises  above  tlie  normal  operating  ])oint  and  even  when,  for  short  ])erio(l, 
it  reaches  the  hlowing-oti"  pressnre  of  the  safety  valve,  which  is  ordinarily 
not  over  10  Ih.  in  an  open  retnrn-line  system. 

In  the  ]'aniiim  Syfifem.  a  pressure  at  or  slightly  above  or  below  at- 
mospheric is  maintained  in  the  supply  pij)ing  and  radiators,  and  air  and  the 
water  resulting  from  condfMisation  of  steam  are  continuously  removed  by 
mechanical  apparatus  which  maintains,  in  the  return  piping,  a  pressure  less 
than  atmospheric.  The  partial  vaciuim  re(|uired  to  remove  the  air  and 
eontlensatiou  is  produced  and  maintained  by  mechanical  disjjjaceineut 
of  the  vapors  of  condensation. 

The  two  types  of  systems  are  similar,  in  that  a  positive  circulation  of 
steam  is  secured  by  the  natural  How  of  the  heating  medium  from  a  higher 
to  a  lower  pressure.  The  distinguishing  difference  l)etween  the  two  types 
lies  in  the  method  of  removing  and  dis])osing  of  the  air  and  the  products  of 
condensation. 

In  either  modulation  or  vacuum  systems,  modulation  or  graduated 
supply  valves,  when  attached  to  the  radiators  permit  control  of  the  room 
temperature  by  simple  hand  operation,  ensuring  a  distinct  saving  in  fuel. 
The  efficiency  of  either  system  is  dependent  to  a  large  extent  upon  the  ability 
of  the  retiu'n  trap  on  the  radiator  to  free  it  of  all  air  and  water  of  condensation 
without  at  the  same  time  permitting  the  escape  of  any  steam. 

The  open-return  or  modulation  system  finds  its  widest  application  in  a 
building  covering  a  moderate  area,  in  which  the  steam  re(|uirements  are  for 
heating  only  and  where  the  radiation  can  be  placed  high  enough  above  the 
water  line  so  that  the  condensation  will  flow  by  gravity  to  the  boiler.  The 
system  is  noiseless  in  operation,  simple  in  design,  retiuiring  no  jjower-driven 
apparatus  and  except  for  periodical  firing  of  coal  and  removal  of  ashes,  the 
attention  required  is  negligible. 

There  are  a  number  of  modifications  of  the  modulation  system,  de- 
pending upon  varying  conditions,  and  a  system  installed  in  a  residence  for 
instance,  may  be  cjuite  different  from  that  in  a  hotel  or  school. 

The  special  advantages  of  the  vacuum  system  can  be  realized  to  the 
fullest  extent  in  projects  such  as  the  following: 

(a)  A  group  of  buildings  scattered  over  a  consideralile  area  where 
savings  in  cost  of  installation  can  be  effected  by  the  use  of  smaller  size 
supply  and  return  piping. 

(b)  One  or  more  buildings  so  located  with  respect  to  the  boiler  plant 
that  lifts  are  necessary  in  the  return  piping. 

(c)  A  plant  utilizing  the  exhaust  steam  from  the  engines  for  heating 
purposes,  whei-ein  the  elimination  of  the  back  pressm-e  will  save  directly 
in  fuel  cost  or  permit  the  engine  to  do  more  work  with  the  same  expenditure 
of  fuel. 

The  foregoing  examples  do  not  by  any  means  cover  the  entire  field  for 
use,  for  the  vacuum  system  can  be  used  in  numerous  other  types  of  build- 
ings either  as  a  regular  vacuum  system  or  in  combination  with  the  open 
return-line  system.  Indeed  the  adaptability  of  the  two  systems  to  widely 
different  operating  conditions  makes  possible  the  choice  of  one  or  the  other 
for  every  type  of  building.     In  the  following  pages  certain  general  rides 
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will  he  given  whieli  may  influence  the  selection  of  a  heating  system  for  any 
particular  case.  Mention  will  also  be  made  of  modifications  which  may  be 
desirable  or  necessary  to  suit  individual  conditions. 

In  determining  which  of  these  types  to  employ,  experience  is  the  best 
guide,  as  the  building  conditions  jjresent  so  many  variable  factors  that  it 
is  impossible  to  cover  the  subject  exhaustively  within  the  space  of  this 
chajiter. 

When  selecting  a  heating  system,  consideration  should  be  given  to 
the  following  points: 

(a)  Size  and  type  of  building. 

(b)  Use  of  building. 

(c)  Location  of  building  and  topograplu'  of  site. 

(d)  Construction  and  architectural  features  of  the  building. 

(e)  Source  of  steam  supply. 

(f)  Operation  and  attendance. 

Size  and  Type  of  Buildinc;:  The  first  point  to  consider  is  the  size 
of  the  building  and  its  type. 

Residences:  The  prospecti\'e  owner  of  a  residence  is  particularly 
interested  in  the  amount  of  attention  necessary  for  operation  and  the 
economy  of  fuel.  Whether  he  attenils  to  the  heating  .system  himself  or 
employs  a  caretaker,  he  desires  a  plant  rerjuiring  minimum  attendance. 

The  modulation  system  is  the  most  suital)le  in  every  respect  either 
for  a  30-room  house  or  for  a  small  bungalow.  Except  for  periodical 
feeding  of  coal  and  removal  of  ashes,  the  attention  required  by  such  a 
system  is  negligible.  The  ability  to  vary  the  boiler  jiressiu'e  through  a  range 
from  the  maximum  permissible  in  very  cold  weather  to  a  pressure  at  or 
slightly  below  atmosphere  in  mild  weather,  and  to  control  the  ({uantity 
of  heat  given  off  from  each  radiator  by  manipulating  the  graduated  supply 
valve,  result  in  a  distinct  economy.  The  heat  emission  and  the  coal  consump- 
tion are  regidated  to  correspond  with  the  outside  temperature  and  weather 
conditions. 

Apartment  Biiihliugs:  Apartment  buildings  are  erected  by  the  owner 
for  the  revenue  which  they  will  bring  and  a  heating  plant  which  can  be 
operated  with  greatest  fuel  saving  and  the  least  janitor  service  is  the  best 
paying  proj)osition.  I  nless  the  building  spreads  over  too  much  ground  or 
the  overhead  return  ])iping  cannot  l)e  properly  graded  without  too  nuich 
complication,  the  nuxlulation  system  is  particularly  adaptalde.  The  small 
amount  of  attention  recjuired  by  this  system  gives  the  janitor  of  the  building 
more  time  for  other  duties.  Control  of  the  amount  of  steam  admitted  into 
each  radiator  gives  the  occupant  of  each  room  or  apartment  a  convenient 
means  of  temperature  regulation. 

Store  and  Office  Buildiiu/s:  Where  no  mechanical  system  of  heating 
and  ventilation  need  be  provided  and  where  an  open-return-line  system  can 
be  applied,  the  same  type  of  heating  system  can  be  used  in  the  small  store 
building  as  described  for  residences  and  apartments.  This  also  applies 
with  equal  force  to  small  and  medium-sized  buildings  for  offices  and  other 
commercial  purposes. 
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I'libllr  Buildings:  In  this  classification  may  l)e  inclndcd  court  houses, 
post  offices,  lil)rarics,  and  schools  of  small  tyjjc  where  the  ventilating'  systems 
are  of  the  indirect  or  direct-indirect  gravity  ventilation  type.  Such  buildings 
have,  as  a  rule,  no  other  mechanical  eciuipment  l)esides  the  heating  and 
ventilating  i)lant.  For  these  structures  a  modulation  system  with  open- 
line  return  is  recommended. 


We  have  considered  so  far  the  type  of  building  wherein  the  area  is 
moderate,  the  steam  reciuirement  is  for  heating  purposes  only,  the  basement 
radiation  is  well  al)t)ve  the  water  line  of  the  boiler  and  the  overhead  return 
piping  can  be  properly  graded,  as  required  in  the  open-line  system.  In 
such  cases  the  simplest  form  of  system  can  be  installed.  re<(uiring  a  mininuim 
amount  of  attention. 

Frequently,  however,  conditions  arise  wherein  the  open-return  piping 
cannot  be  run  at  a  higher  level  than  that  oi  the  water  line  of  the  boiler  and 
discharge  by  gravity  into  the  boiler,  or  where  the  radiation  in  the  basement 
must  be  placed  at  or  even  below  the  boiler  water  line.  The  first  mentioned 
situation  occurs  if  the  building  covers  ct)nsideral>le  area  or  structural  con- 
ditions cause  the  return  i)ij)ing  to  be  kept  well  down  from  the  ceiling.  Where 
mechanical  ventilation  is  installeil  having  indirect  radiation  j)laced  in  the 
basement  for  warming  the  air,  or  where  the  character  of  the  l)asement  rooms 
is  such  that  they  will  not  be  ])roperly  heatetl  if  the  direct  radiators  are  placed 
near  the  ceiling,  it  becomes  necessary  to  locate  them  too  low  for  successfully 
returning  the  water  to  the  boilers  by  gravity.  In  such  cases  a  vented 
receiver  is  installed  and  connected  to  either  a  motor-driven  or  steam-driven 
pump.  The  receiver  contains  a  float  at  its  water  level,  the  rise  and  fall 
of  which  controls  the  operation  of  the  electric  motor  or  steam  pinnp,  and 
the  water  of  condensation  is  automatically  delivered  to  the  boiler.  The 
apparatus  is  placed  at  or  below  the  floor  on  a  suitable  foundation  and  the 
water  line  of  the  heating  system  is  thus  governed  by  the  level  in  the  receiver, 
regardless  of  the  water  line  of  the  boiler.  Where  no  high-pressure  steam  is 
required  for  industrial  or  other  piu'poses.  the  automatic  return  pump  can 
be  used  in  conjunction  with  low-i)ressure  boilers,  in  which  event  the  pump 
will  have  a  motor  drive. 

Wlu're  high-j)ressure  steam  is  recjuired  for  various  purposes,  one  or 
more  high-jjressiu'e  boilers  are  installed.  Steam  for  heating  is  reduced  to 
suitable  pressure  by  means  of  a  ijressure-reducing  valve  and  is  circulated 
through  the  modulation  heating  system  by  gravity,  returning  to  the  vented 
receiver.  In  such  cases,  a  steam-driven  return  pump  is  installed,  taking 
steam  at  l)()iler  pressure  and  discharging  the  exhaust  into  the  heating 
system  through  a  suitable  o\\  sejiarator.  The  condensation  from  the  various 
pieces  of  apparatus  utilizing  high-pressure  steam  is  also  delivered  to  the 
vented  receiver  and  thence  retiu'ued  to  the  boiler. 

For  buildings  occupying  consideral)le  area  and  for  groups  of  buildings 
to  be  heated  from  a  conunon  boiler  plant,  the  vacuiun  system  is  to  be 
])referred  to  the  modulation  system  with  ^'ented  receiver  and  return  pmnp. 
Where  lifts  are  necessary  in  the  returns,  the  vacuum  system  is  the  best 
solution.  In  high  buildings  a  vacuum  system  is  usually  selected,  owing  to 
the  saving  which  can  be  ett'ected  by  the  reduced  sizes  of  supply  and  return 
piping  as  well  as  radiator  iidet  valves  and  return  traps.  If  high  or  medium- 
pressure  steam  is  nt)t  required  for  any  etiuipment  or  process,  low-pressure 
l)oilers  may  l)e  installed  in  connection  with  an  electrically  tlriven  vacuum 
pump  which  will  also  return  the  condensation  from  the  heating  system  to  the 
boilers.  From  an  operating  standpoint  a  vacuum  system  with  an  electri- 
cally driven  vacuum  pump  of  the  rotary  type  is  quite  as  simple  as  the  open- 


r(>1uni-linc   system    or  a   modulation   systom.  with  a  condensation  pumj). 

Wliere  the  steam   re(|uirenicnts   for   the   huiUUn.ii'  are  snch  that  liiiili- 

pressnn*  l)oilers  are  recinired,  either  motor-th'iven  or  steam-driven  j)unips 

may  be  nsed  depending'  ni)on  eonchtions  whicli  will  he  touehefl  upon  later. 

I'sK  OF  BuiLDixc:  The  use  ot  llie  l)uildiii.u.  or  Ihc  ixn'lion  of  tiiuc 
duriuii  which  the  Iniilding  is  in  use  and  nuist  l)e  healed,  is  ;in  cxccediniily 
im])ortant  factor  in  the  selection  of  a  system. 

Stores,  office  buildings,  restaurants  and  the  like  are  heated  throughout 
during  the  daytime,  while  at  night  the  requirement  is  only  that  of  preventing 
the  freezing  of  plumbing,  water  i)ipes,  etc. 

In  school  buildings  the  ventilating  system  is  usually  ])ut  into  operation 
about  8  o'clock  in  the  morning  and  shut  tlown  at  4  o'clock  in  the  afternoon. 
Rural  schools  often  do  not  have  electricity  available  for  driving  the  ventil- 
ating fans  and  in  such  cases  a  steam  engine  is  installed  for  the  purjKxse.  The 
boilers  are  usually  operated  at  about  .'50-11).  ])ressin-e,  steam  for  heating  pur- 
poses is  reduced  to  1-lb.  pressure  and  the  condensation  is  delivered  to  the  boil- 
ers by  an  automatic  return-])ump  and  recei\'er.  The  exhaust  steam  from  the 
engine  and  pump  are  utilized  in  the  heating  system  after  extraction  of  the 
oil  by  passing  the  steam  through  an  oil  se])arator. 

^Vllere  electric  current  is  available  a  combination  niodulation  and 
vacuum  system  may  be  installed.  In  this  case  the  boilers  are  operated  at 
low  pressure.  While  the  mechanical  \'entilating  system  is  in  use.  a  motor- 
dri^■en  vacuum  pump  is  emjjloyed  to  remove  the  air  and  the  water  of  con- 
densation from  the  heating  system  and  discharge  the  water  into  the  boilers. 
As  soon  as  the  \-entilating  system  is  shut  down,  the  vaciunn  pum])  may  be 
stopped  and  the  direct  heating  system  is  then  operated  as  an  open-return 
line  sy.stem.  discharging  the  returns  through  a  suitable  traj).  by  gravity  to 
the  boiler.     At  night  the  heating  {)lant  requires  almost  no  attention. 

The  heating  of  a  theatre  may  be  accomplished  in  very  much  the  same 
manner.  In  this  instance  however,  the  ventilating  system  is  in  use  in  the 
afternoons  and  evenings,  during  which  the  jjlant  is  operated  as  a  vacuum 
system.  After  the  close  of  the  night  performance  the  change  is  made  to  a 
niodulation  system. 

Heating  systems  in  churches  are  usually  oi^eraled  intermittently.  \\  here 
no  mechanical  ventilation  is  to  be  })rovided  and  where  all  radiation  can 
be  placed  high  enough  al)ove  the  water  line  for  gravity  return  of  the  water 
of  condensation  to  the  boiler,  a  modulation  system  will  give  excellent  results. 
It  has  the  special  advantage  that  by  eliminating  the  use  of  wet  returns,  the 
danger  of  freezing  of  pipes,  due  to  intermittent  operation,  can  be  avoided. 
Heating  systems  in  churches  as  a  rule  do  not  receive  the  best  of  attention 
and  therefore  the  simpler  the  installation,  the  more  satisfactory  the  service. 
The  operation  of  the  niodulation  system  in  draining  the  condensation  liack  to 
the  boiler  entirely  by  gravity  also  avoids  the  slight  noise  that  usually  accom- 
])anies  the  action  of  mechanical  devices,  if  the  latter  are  employed  for  handling 
condensation.  Where  mechanical  ventilation  is  installed  in  a  church  the 
combimition  of  a  modulation  and  vacuum  system  will  be  found  to  operate 
with  the  same  reliability  as  described  in  connection  with  school  liuildings. 
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The  use  of  the  motor-driven  vacuum  pump  will  ensure  u  rapid  as  well  as 
noiseless  circulation  of  steam  and  ciuick  removal  of  the  air  during  the  warm- 
ing-up period.  If  it  is  not  possil)le  to  eliminate  the  wet  returns  where  the 
combination  system  is  installed,  care  must  he  used  to  properly  protect 
the  pipes  against  freezing. 

Hotels,  hospitals,  institutions,  asylums  and  the  like  have  a  '■24-hour 
period  during  the  entire  heating  season.  It  is  absolutely  essential  that  the 
service  shall  he  continuous.  Not  only  must  the  system  be  economical  and 
noiseless  in  its  operation,  but  it  must  also  be  very  flexible  to  meet  the  varying 
demands  of  outside  temperatures  and  weather.  The  comfort  of  each  indi- 
vidual must  be  considered,  and  as  is  well  known,  the  preferences  vary.  In 
all  tlie  above  cases  there  are  demands  for  high  and  reduced-pressure  steam 
for  various  purposes  and  it  is  therefore  probable  that  high-pressure  boilers 
will  be  installed. 

With  a  single  buikhng  covering  a  moderate  area,  an  open-return-line 
system  in  conjunction  with  an  automatic  pump  and  return  tank,  together 
with  modidation  sujiply  valves  on  the  radiators,  will  meet  all  of  the  re- 
quirements outlined  above.  For  a  group  of  buiklings  or  a  single  building 
covering  considerable  area,  a  vacuiuu  system  will  be  more  flexible. 

In  addition  to  all  of  the  benefits  of  the  modulation  system,  the  vacuum 
pump  will  circidate  steam  very  rapidly  through  the  system,  which  is  an 
imjjortant  factor  when  quick  heating  uj)  becomes  necessary.  A  further 
advantage  is  the  saving  ett'ected  through  the  al)ility,  in  mild  weather,  when 
the  demand  for  steam  is  light,  to  distribute  a  small  volume  of  steam  through- 
out the  entire  system  as  needed.  With  the  modulation  supply  valve  on 
each  radiator  properly  adjusted,  or  with  the  radiators  controlled  auto- 
matically by  thermostats,  rooms  on  the  cold  side  of  the  building  will  i-eceive 
the  proper  amount  of  heat  and  those  on  the  warm  side  will  not  be  overheated 
and  all  this  is  brought  about  with  a  relatively  small  amount  of  steam. 

LocATiox  OF  BriLDixG  AND  TopoGRAPHY  OF  SiTE :  Locatiou  of  the 
building  and  the  general  topography  of  the  site  not  only  aftect  the  type  of 
heating  system  used  but  may  also  influence  the  kind  of  boiler  selected. 

For  example,  in  rural  districts  electricity  may  not  be  available  as  a 
motive  power  or  it  may  not  be  advisable  on  account  of  its  unreliability. 
Where  mechanical  ventilation  is  required,  as  for  example  in  a  school  or 
other  similar  l)uilding,  a  steam  engine  will  be  reciuired  for  driving  the  fan. 
A  type  of  Iwiler  capable  of  generating  steam  at,  say  'io  to  30-lb.  pressure 
must  be  selected.  The  steam  for  heating  is  reduced  to  1-lb.  pressure.  A 
low-pressure  steam  pump  will  have  to  be  installed  to  I'eturn  the  condensation 
to  the  boilers,  operating  in  conjiuiction  with  a  vented  receiver  and  an  auto- 
matic float  control  device.  The  receiver  nuist  be  located  a  sufficient  distance 
below  the  bottt)ni  of  the  indirect  radiators  so  as  to  obtain  the  necessary 
fall  required  to  secure  a  rapid  flow  of  water  by  gravity.  A  modulation 
system  of  heating  with  open  retiu'u  line  to  receiver  will  give  excellent  results 
and  if  the  direct  radiators  are  jirovided  with  graduated  supply  valves, 
the  quantity  of  heat  given  ott"  by  each  may  be  easily  controlled  by  hand. 
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Fi({.  10-2.      Arr;iiiKtiiiciil  of  cHst-iron  wall  radiation  in  io\e  ol  ifilinf;  in  a  thrill  room, 
also  be  einployd  in  barber  shops  and  other  basement  rooms  where  a  modulation  : 
is  installed  and  it  i-i  necessary  to  keep  the  radiators  well  above  the  boiler  water  li 
Operation  of  the  steam  inlet  valves  of  such  radiators  can,  if  necessary,  be 
facilitated  by  the  use  of  extension  stems  or  chain  attachments 


I'i^'.  lO-ii.     (last-iron  wall  radiation  in  garafie.     The  radiation  is  placed  at  some  distance  from  the  lloor 
level  to  avoid  being  damaged  by  ears  and  to  prevent  injury  to  tires  from  heat 


The  topography  of  the  site  may  make  the  return  of  comleusatiou 
difficult  or  imi)ractical  except  by  the  use  of  vaciuim  or  l)y  direct  pumping. 

^^  here  lifts  are  necessary  in  the  return  the  vacuum  system  is  the  only 
solution. 

A  group  of  buildings  spread  out  over  considerable  area,  supplied  with 
steam  from  a  central  boiler  plant,  may  reciuire  the  use  of  the  vacuum  system 
in  order  to  balance  the  pressiu'e  ditl'erential  between  the  supply  and  return 
at  the  several  l)uiltlings,  particularly  if  it  is  contemplated  to  add  new  build- 
ings to  the  group  at  some  future  time.  A  further  distinct  advantage  of  a 
vacuum  system  under  these  conditions  lies  in  the  ability  to  use  smaller 
pipe  sizes  for  l)oth  supply  and  return  lines,  with  a  conse(|uent  reduction  in 
cost  of  installation. 

Construction  and  Architectvral  Features:  The  con.struction  and 
architectural  features  of  the  building  present  a  variety  of  problems. 

It  is  frecfuently  necessary  to  heat  finished  ba.sement  rooms  by  placing 
the  radiators  under  the  windows  or  at  t)ther  ])oints  near  the  flot)r.  Under 
these  circumstances  the  condensation  from  the  low  radiators  will  not  return 
to  the  boilers  l)y  gravity,  as  they  are  located  at  or  below  the  water  line  and 
it  becomes  necessary  to  install  a  vented  receiver  and  an  automatic  return 
pump  or  a  vacuum  pinnp.  The  former  will  o])erate  in  conjunction  with  a 
modulation  system,  the  latter  with  a  vacuum  system. 

Frequently  the  structural  conditions  of  the  building  are  such  that  the 
return  pi])ing  has  to  be  run  near  the  ceiling  of  the  l)asement  or  along  the 
floor  of  the  first  story.  The  lifts  resulting  from  this  situation  make  the 
use  of  a  vacuum  system  imperative.  A  very  high  building  or  one  covering 
a  very  large  area  impose  such  conditions  that  the  vacuum  system  is  again 
the  best  solution  of  the  problem.  The  greater  pressiu-e  differential  which 
results  in  this  system,  enables  the  use  of  smaller  piping  or  with  the  same 
size  piping  reduces  the  l>ack  pressure  which  must  be  carried  in  the  engines  and 
pumps  to  secm-e  conij)lete  circidation. 

Reference  has  been  made  to  the  use  of  luodidation  supply  valves  to 
control  the  riuantity  of  steam  delivered  to  the  individual  radiators.  In 
department  stores,  loft  buildings,  warehouses,  factories,  etc.,  where  there 
are  large  open  spaces  to  be  heated,  usually  containing  a  number  of  radiators, 
the  modulation  supply  valves  may  be  omitted  and  a  fair  degree  of  tempera- 
ture regulation  may  be  obtained  by  completely  shutting  off  one  or  more  unit. 

Sources  of  Steam  Supply  :  There  are  three  main  sources  of  steam  supply : 

1.  Live  steam  from  high-pressure  or  low-pressure  boilers. 

^2.  Exhaust  steam  from  engines,  turbines  or  auxiliaries. 

3.  High-pressure  or  low-pressure  steam  from  outside  sources. 

If  steam  is  recjuired  for  heating  purposes  only,  the  selection  of  the  boiler 
will  be  a  part  of  the  heating  problem,  based  upon  the  building  recinirements. 
Where  no  mechanical  apparatus  is  necessary,  low-pressure  boilers  will  be 
the  natural  choice.  If  electric  current  is  not  available  and  the  system 
reciuires  fan  engines,  return  j^umps  or  vaciuim  pumps  or  other  power-driven 
apparatus,  a  type  of  boiler  shoidd  be  select eil  which  is  capable  of  operating 
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Fig.  10-5.     .\rrangenient  of  cast-iron  wall  radiation  on  side  walls  of  a  factory  building 
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successfully  with  a  working  steam  pressure  of  not  less  than  25  to  30  lb. 

The  conditions  under  which  the  heating  boiler  must  operate  are  to  a 
large  extent  the  governing  factor  in  its  selection.  The  kind  of  fuel,  the 
intensity  of  draft  which  can  be  t)btained.  the  length  of  time  between  firing 
periods,  the  character  of  attention  which  the  boiler  will  receive,  the  abuse 
which  it  will  stand  without  injury,  are  all  important  factors  which  should 
receive  due  consideration. 

The  dimensions  of  the  fire  box.  the  proportion  of  direct  and  indirect 
heating  surface  in  the  lioiler,  the  area  and  type  of  grate  and  the  available 
draft  are  all  influenced  l)y  the  kind  of  fuel  which  is  to  be  burned.  This 
in  turn  depends  upon  the  geograjjhical  location  of  the  plant  and  the  local 
fuel  market.  In  many  cities,  boilers  larger  than  a  given  size  are  rcfiuired 
to  comply  with  more  or  less  drastic  smoke  prevention  laws.  It  will  thus 
be  seen  that  the  fuel  plays  a  very  important  part  in  the  choice  of  a  boiler. 

Sufficient  attention  is  not  always  paid  to  selecting  a  boiler  having 
Hues  and  surfaces  perfectly  accessible  for  cleaning.  It  is  also  important 
in  operating  the  boiler  to  see  that  there  is  a  systematic  removal  of  all  soot 
and  dirt  at  regular  and  freciuent  periods.  In  parts  of  the  country  where 
the  water  contains  heavy  scale-forming  material,  boilers  having  interior 
pockets  should  be  avoided  as  scale  will  accumulate  easily  in  these  ])ockets 
and  cannot  be  removed  even  by  more  frefiuent  blowing  down. 

The  shape  of  the  boiler  room  may  have  some  influence  upon  the  type 
of  boiler  selected.  A  long,  narrow  room  may  lend  itself  better  to  the  use 
of  tubular  or  steel  fire-box  boilers,  while  a  nearly  square  space  may  be  best 
adapted  to  the  cast-iron  sectional  pattern.  Where  tulndar  l)oilers  are  selected 
provision  should  be  made  for  ample  space  to  clean  the  tul)es  and  to  replace 
them,  when  renewals  become  necessary. 

The  question  of  future  extensions  should  be  considered  when  the  prol)lem 
is  in  the  preliminary  stage.  I'nless  provisicms  are  made  then,  the  owner 
may  find  it  ^•ery  expensive  to  add  to  the  boiler  equipiiient  at  a  later  date. 

In  buildings  requiring  '•24-hr.  heat,  such  as  hospitals  and  like  institutions, 
reserve  units  should  l)e  installed  to  provide  for  possil)le  breakdown. 

In  low-jn-essure  installations,  where  a  part  or  all  of  the  water  is  returned 
by  mechanical  means,  such  as  a  motor-driven  return  pump,  or  a  vacuum 
pump,  it  fretiuently  hap])ens  that  the  water  is  delivered  intermittently 
and  in  '"slugs"  instead  of  continuously:  or  it  may  fail  completely  on  account 
of  interruption  of  the  current.  The  boiler  must  be  of  such  a  type  or  con- 
structed of  such  material  that  it  will  not  be  injured  by  the  sudden  lowering 
of  the  water  line,  even  to  the  dangerous  j^oint.  In  other  words,  the  design 
or  construction  should  be  chosen  which  will  jiermit  the  greatest  withdrawal 
of  water  per  inch  drop  in  water  level. 

Priming  of  boilers  arises  from  a  numl)er  of  causes,  among  which  may  be 
mentioned  grease  and  dirt  within  the  lioiler,  impurities  in  the  water,  lack 
of  proper  steam  disengaging  surface,  insufficient  steam  space,  and  too  high 
velocity  of  steam  at  the  boiler  outlets. 

If  a  type  of  boiler  likely  to  ]>roduce  priming  must  be  selected  for 
physical  reasons,  the  arrangement  of  the  ccjnnecting  piping  must  be  such 
as  to  eliminate  any  possil)ility  of  tr()ul)le  from  this  source. 
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The  Arc'liik'ct  musl  not  lose  si<ilit  of  the  fiict  that  a  holler  used  solely 
tor  heatiiiy  ])urj)oses  lies  idle,  without  a  fire  under  it.  for  a  period  of  from 
four  to  five  months  of  each  year,  depending  somewhat  u])on  the  latitude 
and  length  of  the  heating  season.  Recognition  must  l)e  taken  of  this  fact 
in  selecting  the  kind  of  material  which  is  Ix'st  adajjted  to  withstand  the  cor- 
rosive action  which  is  likely  to  occ-ur  in  a  damp  l)asement  room.  If  the 
material  is  subject  to  rust  and  deterioration  when  lying  idle,  it  should 
have  additional  thickness  to  (jfi'set  this  action. 

It  seems  hardly  necessary  to  call  attention  to  the  fact  that  boilers 
should  c(mform  to  all  reciuirements  of  local  and  State  ordinances,  and  that 
compliance  with  the  Boiler  Code  of  the  American  Society  of  Mechanical 
Engineers  will  ensure  first-class  material  and  construction. 

The  designer  of  the  ])lant  for  a  residence  is  in  most  cases  confronted 
with  two  conditions  which  decide  the  type  of  boiler  which  he  shall  use: 
first,  smallness  of  the  l)oiler  room,  and  second,  the  low  head  room  in  the  base- 
ment. Both  suggest  the  use  of  the  cast-iron  ty])e  of  boiler  because  of  its 
compactness  an<l  low  water  line. 

If  there  are  other  u.ses  for  steam,  the  type  of  boiler  oi'  the  source  of 
steam  supply  may  be  definitely  fixed  l)y  other  considerations  tliaii  the  re- 
quirements of  the  heating  system. 

Most  large  modern  hotels  in  cities  are  provided  with  high-pressure 
boiler  plants,  either  for  generating  their  own  electric  power  or.  in  case 
electric  current  is  piu'chased,  for  oi)erating  the  ])iun])ing  e(|uipment  and 
furnishing  steam  for  kitchen  and  laundry  purposes.  The  vaciuim  system 
with  steam-operated  vacuum  pumps  is  proper  for  heating  such  buildings. 

(Ireat  progress  has  been  made  in  recent  years  by  the  country  towns  in 
providing  more  convenient  hotel  accommodations  for  the  traveling  i)ublic. 
The  owner  of  the  small-town  hotel,  while  not  in  a  position  to  equip  with 
all  the  refinements  of  a  metroi)olitan  hotel,  is  anxious  to  have  his  guests 
])rovide<l  with  comfortable  and  ])rop(M'ly  heated  rooms  and  therefore  wishes 
to  install  an  efficient  and  economical  ])lant.  The  modulation  system  either 
with  gravity  return  or  with  vented  receiver  and  return  ])ump  is  particularly 
advantageous,  giving  all  that  can  be  asked  in  heating  effect,  and  enabling  the 
janitor  or  engineer,  who  is  also,  in  many  cases, the  i)orter,  l)ell  l)oy  and  general 
utility  man,  to  take  care  of  his  many  other  duties. 

Y.  M.  ('.  A.  buildings  resemlile  the  first  mentioned  type  of  hotels  in 
many  respects,  as  in  addition  to  the  recreational  features,  hotel  accom- 
modations are  provided  for  the  members.  Restaurant  and  cafeteria  service 
are  maintained,  as  well  as  swimming  pools,  Turkish  l)aths.  etc.,  in  con- 
nection with  which  there  is  a  demand  for  high-pressure  steam  in  addition 
to  the  low-pressure  steam  needed  for  heating.  For  this  reason  all  the  con- 
densaticm  cannot  be  returned  directly  to  the  boilers. 

The  heating  system  should  be  of  a  type  which  permits  regulation  of 
the  supply  of  steam  to  the  Ijedrooms,  according  to  whether  they  are  occupied 
or  empty.  The  graduated  control  system  of  .steam  su])ply  to  the  radiators 
by  means  of  modulation  supply  valves  is  a  logical  system  to  adopt.  .\. 
steam-operated  pump  and  receiver  takes  care  of  the  returns  from  all  the 
steam-using  ecjuipment  and  also  from  the  heating  system. 
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The  modern  hospital  has  a  considerable  amount  of  steam-using  equip- 
ment such  as  sterilizers.  l)lanket  warmers,  steam  cookers,  dishwashing 
machines,  laundry  machinery,  etc.,  re(iuiring  steam  at  pressures  ranging  from 
30  to  90  lb.  This  makes  a  high-pressure  boiler  plant  necessary.  Many 
of  the  larger  lios])itals  have  their  own  electric  power  plants,  and  also  use 
steam  for  operating  refrigerating  plants.  In  such  cases  the  available  exhaust 
steam  should  be  utilized  to  the  fidlest  extent  and  this  is  best  accomplished 
by  means  of  a  vacuum  system. 

High-pressure  boilers  are  usually  installed  in  manufacturing  plants 
where  high-pressure  steam  is  needcfl  for  process  work  and  cheap  electric 
power  is  not  available.  In  such  cases  the  necessary  electrical  machiiiery 
for  generating  current  is  installed  and  the  exhaust  steam  is  used  for  heating. 
As  with  hospitals  and  office  l)uildiugs,  the  vacuum  system  ensures  quick 
circulation  of  steam  and  removal  of  air  and  reduces  the  back  pressure  to 
a  minimiun.  Where  the  plant  extends  over  consideral>le  area,  the  use  of 
smaller  size  sup])ly  and  return  mains,  and  the  ability  to  lift  the  condensation 
where  changes  of  grade  occur,  become  important  factors. 

In  localities  where  street  steam  is  available,  with  uninterrupted  service 
guaranteed  for  the  entire  heating  season,  and  where  the  rate  does  not  exceed 
that  at  which  steam  can  be  generated  in  an  individual  plant,  the  installation 
of  the  modulation  system  with  street  steam  supjily  provides  very  satis- 
factory heating  for  almost  any  type  of  building. 

The  reduced  hrst  cost  of  the  heating  plant,  due  to  the  omission  of  the 
boiler  and  its  a])purtenances,  and  the  fact  that  such  a  i)lant  retiuires  practi- 
cally no  operating  attention,  make  the  arrangement  very  attractive  from 
the  owner's  standpoint. 

The  service  company  supplying  steam  to  the  building  usiudly  extends 
the  service  pipe  through  the  foundation  wall  and  to  this  the  heating  con- 
tractor makes  his  connection.  The  water  of  condensation  is  tlischarged  to  the 
sewer  through  a  meter  in  the  return  line,  except  where  a  flat  rate  per  sfjuare 
foot  of  radiation  is  charged,  in  which  case  no  meters  are  used. 

This  type  of  heating  system  can  be  installed  in  almost  any  type  or  size 
of  building,  except  where  too  extensive  area  prevents  satisfactory  arrange- 
ment of  the  return  line  for  gravity  o])en-return  circulation.  In  such  cases, 
the  motor-driven  vaciuim  j)ump  offers  a  simple  means  of  iusin'ing  jiositive 
removal  of  the  condensation  and  air. 

Operation  and  Attention:  The  initial  cost  is  frequently  the  de- 
ciding factor  in  the  selection  of  a  heating  system,  and  it  is  not  until  the 
end  of  the  first  heating  season,  when  the  purchaser  finds  out  the  cost  of 
fuel  and  caretaker's  services,  that  the  question  of  operation  and  attention 
receives  the  consideration  to  which  it  is  entitled.  In  this  chapter,  however, 
it  is  not  possible  to  more  than  touch  briefly  upon  this  important  subject. 

The  most  successful  heating  system  is  the  one  which  will  accomplish 
all  of  the  residts  for  which  it  is  designed  with  the  least  amount  of  attention 
and  the  minimum  expenditure  for  fuel.  With  the  view  of  simplifying  the 
system,  the  use  of  mechanical  devices  for  handling  the  condensation  should 
be  limited  to  those  cases  where  an  open-line  gravity  return  does  not  work 


out  siitisfaclorily.  The  conditions  vnultT  wliicli  return  pumps  and  vacuum 
pumps  are  necessary  have  been  fully  exi)lained  in  previous  paragraphs  and 
it  is  not  necessary  to  refer  to  the  subject  again. 

We  cannot  emphasize  too  strongly  the  imjjortant  part  which  the  radiator 
return  traj)  plays  in  the  economy  of  operation.  It  should  be  of  a  type  that  will 
permit  the  rajiid  removal  of  all  air  and  all  condensation  but  at  the  same  time 
prevent  the  escape  of  any  steam.  This  point  is  explained  very  thoroughly 
in  Chapter  14. 

A  system  cannot  be  expected  to  give  the  best  results  unless  all  of  the 
operating  conditions  are  favorable.  Three  factors  which  have  a  great 
influence  upon  economical  as  well  as  successful  operation  are  the  location 
of  the  boiler  room,  its  size  and  that  of  the  chimney. 

In  planning  the  basement  of  any  building  the  architect  should  pay 
particular  attention  to  both  the  l)oiler  room  and  the  coal  and  ash  storage 
spaces.  It  is  needless  to  say  that  the  coal  room  should  be  so  placed  that 
the  labor  of  stowing  away  the  fuel,  and  afterwards  feeding  it  to  the  boiler, 
is  reduced  to  a  minimum,  and  that  suitable  means  is  provided  for  the 
economical  handling  of  ashes. 

Ample  firing  space  must  be  provided  in  front  of  the  boiler,  ample  room 
at  the  rear  to  give  easy  access  to  the  retiu'n  and  blow-off  piping  and  walking 
space  at  either  side  wide  enough  to  enable  the  steamfitter  to  easily  and  (luickly 
assemble  the  sections  and  later  permit  the  application  of  the  covering. 
If  the  boiler  is  the  tul)ular  type,  there  must  be  space  for  cleaning  the  tubes 
as  well  as  for  replacing  them  when  repairs  become  necessary. 

Limiting  the  de])th  of  the  boiler  room  is  a  false  economy  and  will  only 
result  in  j)artial  if  not  almost  complete  faihu'e  of  the  heating  system  to  give 
satisfaction.  There  must  be  sufficient  grade  so  that  the  overhead  return 
piping  can  be  given  ample  pitch  toward  the  boilers,  thus  ensuring  quick 
return  of  the  condensation  by  gravity,  and  so  that  the  lowest  point  of  the 
return  for  an  open-return-line  modulation  system  is  at  least  30  inches  above 
the  water  line  of  the  boiler. 

Lack  of  head  room  reduces  the  pitch  of  the  return  piping  to  a  minimum 
and  narrows  the  selection  of  boilers  to  perhaps  a  single  type,  having  a  low 
water  line  but  otherwise  not  at  all  adapted  to  the  work  which  it  must  perform. 
It  may  also  compel  the  construction  of  a  pit,  which  is  not  always  desirable, 
or  require  an  electric  return  pump  which  may  unnecessarily  complicate 
a  system  that  would  otherwise  be  very  simple. 

Certain  types  of  buildings  require  the  simplest  heating  system  possible. 
In  residences  the  firing  is  infrequent  and  is  done  by  the  owner  or  a  caretaker. 
The  .system  nnist  be  rugged  in  design,  with  the  least  possible  mechanical 
devices,  but  flexible  enough  to  respond  to  varying  changes  of  outside  tempera- 
ture and  weather. 

The  janitors  of  school  buildings  have  a  multitude  of  iluties  to  perform 
besides  that  of  fireman.  In  the  rural  districts  the  school  connnittees  have 
limited  appropriations  for  janitor  service  and  apparatus  has  to  be  installed 
which  is  capable  of  giving  satisfactory  results  with  sucli  unskilled  attendance 
as  is  available. 
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As  stated  liefore,  apartment  houses  are  run  on  a  business  basis  and  the 
heating  system  must  be  economical  of  fuel  and  reciuire  little  attention  but 
must  be  flexible  enough  so  that  the  occujjants  have  a  convenient  and  inde- 
pendent means  of  controlling  the  temperature  of  the  various  rooms.  In 
the  various  types  of  buildiuiis  outlined  above,  the  modulation  system, 
with  open  return  line  to  the  boiler,  will  be  found  to  meet  the  re(|uirements  of 
simplicity,  flexiliility  and  economy. 

Passing  to  the  coml)inalion  of  the  ojjen  return  line  with  either  the 
automatic  return  pump  and  vented  receiver  or  the  vacuum  ]nun]),  or  the 
straight  vacuum  system,  we  find  the  same  economy  and  flexil)ility  with 
the  addition  of  comparatively  simple  mechanical  return  ajijiaratus. 

Sununing  up  the  advantages  of  the  motlulation  and  vacuum  system 
we  find  them  to  be  as  follows: 

Modulation    Systems-: 

1.  Simple  in  design. 

2.  Efficient  in  fuel. 

3.  No  expert  attendance  retjuired. 

4.  Quick  response  to  demands  for  changes  in  rate  of  heating. 
Vacuum    Sj/stcms:     1.   Circidation    of    steam    is    quick,    positive    and 

uniform.     All  surfaces  are  heated  in  a  relatively  short  space  of  time  after 
steam  is  turned  into  the  system. 

"2.  Saving  in  operating  cost  is  accomplished  practically  by  eliminating 
back  pressure  upon  steam  engines.  This  either  saves  directly  in  fuel  cost 
or  permits  the  engines  to  do  more  work  at  same  expenditure  of  fuel. 

3.  Saving  is  ett'ected  through  the  ability  during  mild  weather,  when 
demands  for  heating  are  slight,  to  distribute  a  relatively  small  volume  of 
steam  throughout  the  system  as  needed,  with  a  pressure  at  or  even  slightly 
below  the  atmosphere.  In  this  country,  mild  weather  constitutes  about 
75  per  cent  of  each  heating  season,  moderately  cold  weather  al)<)ut  "20  per  cent 
and  only  .5  jjcr  cent  can  be  classed  as  "severely"  cold. 

4.  Saving  of  fuel  results  from  utilizing  the  condensation  and  its  con- 
tained heat  as  part  of  the  boiler  feed. 

Certain  advantages  are  common  to  both  systems,  as  follows: 
Modulation   and    l^acuum   Systems:     1.  Noiseless  in  operation.  Water 

hammer  is  unheard  of  due  to  continuous  relief  of  air  and  positive  removal 

of  condensation. 

'■2.  Radiators  maintained   at    100  per  cent   heating   efficiency   due   to 

complete  removal  of  air  and  water.     Absence  of  air  valves  on  radiators 

eliminates  one  of  the  most  annoying  features  of  many  heating  systems. 

3.  Independent  temperature  control  of  each  room  at  the  will  of  the 
occupant . 

4.  Efficient  in  fuel. 

To  the  foregoing  advantages  should  be  added  comfort  and  convenience. 
More  and  better  work  is  obtained  from  occupants  of  properly  heated 
l)uildings. 


r.ii\i'Ti:i{  xi 


Flow  ol  Low- Pressure  Sleain  lliroii^^li  IMpiii^^ 

FLOW  OF  Steam  Through  Pipes:  Flow  of  steam  through  piping  is 
caused  by  difference  in  pressure,  which  diminishes  continually  from 

the  source  to  the  outlet,  due  to  frictional  resistance,  deilection.  con- 
traction and  expansion.  Likewise  there  is  a  continual  drop  in  temperature 
due  to  the  transmission  of  heat  through  the  walls  of  tiie  piping. 

Steam  at  initial  pressure  and  density,  hut  without  material  velocity,  as 
in  a  boiler,  requires  a  certain  pressure  dro]).  to  im[)art  initial  velocity  in  the 
main.  This  drop  varies  with  the  velocity  required,  density  of  steam  and 
shape  of  the  orifice  at  entrance  of  the  main.  The  pressure  drop  or  head 
required  for  a  given  velocity,  as  of  initial  density  at  a  point  al)out  three 
diameters  beyond  the  entrance  of  a  steam  main,  with  sharp  entrance  edge, 
has  been  found  from  tests  of  the  weight  of  low-pressure  steam  passing 
through  a  cylindrical  sharp-edged  orifice  of  length  equal  to  three  diameters. 
The  pressure  difference  or  head  (hi)  necessary  to  produce  such  velocity  (vi) 
is  fully  L7  times  that  found  by  the  well  known  velocity  formula,  v  =V2  gh. 

It  seems  reasonable  to  assume  that  a  like  pressure  drop  is  necessary  to 
impart  initial  velocity  within  the  heating  main  from  a  l)oiler  or  steam  drum, 
as  contrasted  with  the  exhaust  of  an  engine,  reducing  valve,  etc. 

Table  11-1  gives  1.7  times  the  pressure  drop  or  head  (h,)  in  pounds 
and  ounces  per  square  inch,  based  on  the  above  assumption. 

Table   11-1.     Velocity  of  Steam  in  Feet  per  Minute  Witliin  Entrance  of  Main    las  of 

Initial    Density)    Produced    by   Pressure   Drop    (p, — p„l=h 

From  various  absolute  initial  pressures  in  pounds  per  sq.  inch  =  pi 


Ounces 

per  sq. 
inch 

Pounds 
per  sq. 
inch 

Velocity  in  feet 

per  minute 

15 

16 

Absolute  initial 
17 

pressure  pi 
18 

19 

20 

.01 

2260 

2203 

2138 

2086 

2036 

1980 

H 

.01.56 

2830 

2758 

2665 

2610 

2514 

2475 

.02 

3200 

3115 

3020 

2950 

2880 

2800 

lo 

.0312 

3995 

3885 

3770 

3680 

3595 

3195 

01 

1530 

1105 

1270 

1175 

4070 

3960 

h 

.  0 168 

1910 

1775 

1625 

1520 

4420 

4280 

05 

5060 

1930 

1780 

1660 

4540 

4420 

1 

.  0623 

5660 

5520 

.5310 

5220 

5090 

4950 

07 

6000 

5810 

5660 

5520 

5,390 

5240 

Ih 

07H1 

6350 

6180 

5980 

58 10 

5710 

5540 

.08 

6120 

6210 

6050 

5910 

5770 

5610 

.09 

6800 

6615 

6110 

6260 

6120 

5940 

13:! 

.  09;i7 

69 10 

6750 

6510 

6390 

6250 

6060 

.1 

7170 

6980 

6760 

6610 

6160 

6260 

.11 

7520 

7320 

7090 

6925 

6770 

6570 

.12 

7860 

7650 

7120 

7210 

7060 

6870 

2 

12:> 

8020 

7810 

7560 

7390 

7220 

7010 

13 

8180 

7960 

7710 

7520 

7350 

7150 

n 

8170 

8250 

799(1 

7800 

7610 

7110 

i.> 

8790 

8560 

8290 

8090 

7910 

7680 

2'  J 

.  1.562 

8970 

8710 

8160 

8760 

8080 

7840 

Fridion  in  Run:  Steam,  having  attained  initial  velocity  at  the  entrance 
of  the  main  by  a  pressure  drop  (p,  —  p^),  will  require  a  further  drop  (p.  —  pa) 
to  overcome  friction. 

Various  t'orniuhie  have  been  pul)lished  l)y  which  to  determine  the 
velocity  or  weight  of  steam  of  given  (juality  which  with  a  given  pressure 
drop  will  How  in  a  given  time  through  a  given  length  of  straight  pipe  of 
given  uniform  diameter. 

Analysis  of  the  principal  fornuilae.  after  reduction  to  connnou  terms, 
indicates  a  substantial  agreement  among  the  majority  of  these  fornudae 
n  the  following  fundamentals: 

that  the  velocity  varies  as  the  s()uare  root  of  the  pressiu-e  drop. 

that  the  velocitv  varies  as  -j r— 

ilensity 

that  the  pressure  droj)  varies  as 


density 

that  the  pressure  drop  is  proportional  to  length  of  rim. 
that  the  pressure  drop  varies  as  the  square  of  the  weight  flowing. 
The    various    fundamental    e(iuations    for    frictionless    pipes    may    be 
reduced  to  the  following  form: 


1    1. 

-  pj  -  d 


and  the  allowance  made  for  friction  by  nndtiplying  the  radical  by  a  constant 
or  numerical  value,  dependent  on  the  diameter,  in  the  following  form: 


.hich 


I  (p2  -  ps)  -  d 
y  xL  or  (L  +  y) 


w  =  weight  of  steam  flowing  i)er  minute. 

c  =  a  constant  or  numerical  value 

Pi  =  absolute  pressure  of  initial  steam  when  quiescent. 

po  =  absolute  pressure  within  entrance  of  main. 

])r,  =  absolute  pressure  near  end  of  main. 

d  =  diameter  in  inches. 

L  =  length  of  run  in  feet. 

X  =  a  factor  of  L  derived  from  some  sub-formula. 

y  =  a  formula  or  sum  to  be  added  to  L  in  the  basic  eciuation. 

=  mean  weight  of  1  cu.  ft.  of  steam  in  pounds. 

s 

Regarding  the  value  of  c.  the  late  Professor  Kent  made  the  following 
apt  statement : 

"The  coefficient  of  friction  according  to  different  authorities  varies 
according  to  laws  about  which  they  do  not  agree."" 

Investigation  demonstrates  that  many  of  the  laboratory  experiments 
and  tests  of  commercial  pipe  lines  upon  which  the  values  of  c,  x  and  y  have 

in 


been  rsliinated  were  so  made  as  to  include  the  pressure  droj)  necessary  lor 
initial  velocity  while  in  others  this  is  not  inc-hided.  Oilier  tests  ap])ear 
to  have  been  made  on  hut  one  or  at  hesl  a  very  few  diilVrcnl  sizes  of  ])ii)e 
and  lentil  lis  of  run. 

Some  authorilies  assume  llial  the  factor  c  (which  includes  all  friclion) 
is  constant  for  all  sizes  of  pipe  irrespective  of  relation  of  jn'rimeter  to  in- 
cluded area  of  cross  s(>clion;  in  this  respect  dili'ering  materially  from  all  the 
commonly  accei)le(l  formulae  for  (low  of  water.  These  amonii'  themscKcs 
assign  materially  diH'erent  constant  values  to  c. 

Other  authorities  assign  values  varying  with  diameter.  tli('icli.\  recog- 
nizing the  proportionate  relation  of  perimeter  to  cro.ss-section  and  the  in- 
fluence of  surface  retardation  on  the  flowing  mass.  The  two  j)rincipal 
investigators  of  the  latter  school  do  not  differ  materially  in  the  values  assigned 
to  c  although  J.  M.  Spitzglass.  in  his  analysis.*  goes  exhaustively  into 
the  frictional  elements  (skin  friction  due  to  rubbing  of  the  fluid  on  the  rough 
surface  of  inpe  and  internal  friction  due  to  relative  motion  of  particles  of 
fluid  on  each  other)  and  deduces  a  fornuda  which  takes  into  consideration 
both  the  coefficient  of  friction  and  the  relative  capacity  of  pipes  of  various 
diameters  together  with  experimental  coefticients  for  the   various  fluids. 

Gebhart  in  his  analysis  of  this  subject  makes  the  following  very  practical 
statement: 

"Notwithstanding  the  numerous  investigations  conducted  on  labora- 
tory apparatus  and  on  pipe  lines  under  actual  power  plant  conditions,  there 
is  no  trustworthy  rule  for  accurately  determining  the  flow  of  steam  in 
commercial  piping." 

Professor  R.  C.  Carpenter  in  his  investigations  regarding  flow  of  steam 
in  pipes  reaches  the  following  conclusion: 

"For  practical  conditions,  it  is  rather  better  to  have  an  allowance 
in  pipes  for  an  excess  in  friction  than  to  have  the  reverse  condition  true." 

From  an  extended  experience  in  steam  heating  i)ractice  and  installation, 
it  seems  a  fair  conclusion  that  in  none  of  the  pid:)lislied  formulae  is  sufficient 
consideration  given  to  the  excess  friction  liable  to  be  encountered  due  to 
reduction  in  area  and  frictional  resistance  due  to  the  very  usual  neglect  of 
the  workmen  to  ream  pipes  true  after  cutting. 

This  excess  friction  is  likely  to  increase  as  the  jM-oporticjii  of  perim- 
eter to  area  increases  and  be  a  serious  source  of  inaccuracy  in  the  deter- 
mination of  flow  in  the  smaller  sizes  of  commercial  jiiping.  and  i)ipes  if 
inadecjuate.  when  once  installed,  will  usually  remain  a  source  of  trouble 
and  discredit. 

This  has  led  to  the  use  of  a  table  in  which  the  value  of  c  in  the  fornuda 

.  ^    .     I  (p.,  —  Pj)  -  d 

^^         ^       ^  has  been  increased  for  the  smaller  sizes  bevond 

>  L 

that  of  any  of  the  authorities  above  referred  to. 

These  values  of  c  and  the  flow  table  leased  thereon  are  ofl'ered  as  those 
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found  to  he  adequate  in  praclice  under  any  but  the  wor.st  practieal  con- 
ditions to  which  it  ha.><  lieen  api)Hcd. 


W 

= 

1 

60c     1  (P=  -  P3)   -d° 

(Fonn  1(1(1  11-1) 

V          L 

W  =  wei 

ight  of  steam  in  pi 

junds  per  hour. 

liameter  of  pipe 
in  inches 
Value  of  c; 

1"       U" 
:u        u 

11 

2"        2V'        3"        3V' 
19         52        55.6        57 

1" 
59 

5"         6"         1" 
61       62.5      63.1 

liameter  of  pipe 
in  inches 
Vahie  of  c 

8" 
61.2 

9" 
61.8 

10"           12"           14" 
65.1.           66            65 

16" 
65 

18"           20" 
65             65 

Thi.s  fonnula    makes  no  allowance  for  drop  due  to   initial   velocity, 

condensation,  or  changes  in  direction  or  area  of  pipe. 

Table  11-2,  Pages  114-5.  has  been  computed  from  Formula  11-1 

For  example,   ascertain  the  pressure  necessary  to  overcome  friction 

in  a   10(l-ft.  run  of  4-in.  straight  i)ipe  when  conveying  600  lb.  of  steam  per 

hr.  and  p-.  is  16  lb.  per  sq.  in.  absolute. 

/600y  _  (0.821)'  =  0.674  lb.  pres.sure  drop  for  1000  ft.  due  to  weight  of 
V  ( 31  / 

steam  other  than  tabulated;  therefore,  pressure  drop  for  giveii  length,  or 
400  feet  is: 


0.674  (  i/TTjTj  )  =  0.270  lb.  per  sq.  inch. 


Condensation  Loss:  Through  the  entire  length  of  run,  there  is  a  further 
loss  of  pressure,  due  to  radiation  and  condensation.  This  loss  is  least  in 
well  covered  mains  with  still  air,  at  high  temperature.  Condensation  in 
long  runs  of  small  pipe  frequently  causes  the  greatest  loss  of  weight  and  oc- 
casions large  pressure  drop. 

Figure  11-1.  Page  11(5,  gives  averages  of  condensation  loss  in  bare  and 
coveretl  pipes  for  various  differences  between  temperature  of  steam  in  pipe 
and  air  surrounding  the  pipe  or  its  covering. 

The  following  example  is  given  to  call  attention  to  what  is  likely  to 
happen  if  tabular  steam  values,  for  straight  runs,  be  used  to  size  mains  sup- 
plying radiation  through  long  runs  of  small  pipe,  even  if  the  mains  are  w  ell 
insulated.  From  Table  11-2  it  will  be  seen  that  a  1^  2-in-  pipp  ^^ itli  a  friction 
loss  of  1/10  pound  per  100  ft.  and  an  initial  pressure  of  16  lb.  absolute  will 
conyey  steam  at  an  hourly  rate  of  55.1  II).  or  53250  B.t.u.  per  hour. 

By  inspection  of  Figure  11-1,  we  find  that  if  the  difference  in  tempera- 
ture between  steam  in  the  pipe  and  air  surrounding  it  is  150  deg.  fahr. 
and  the  pipe  has  good  insulation,  there  is  transmitted  tlirough  that  cover- 
ing about  25  B.t.u.  per  lin.  ft.  (^  sq.  ft.),  or  25000  B.t.u.  per  hour  for  1000 
ft.  run.  Therefore,  about  60  per  cent  of  the  entering  steam  will  be  con- 
densed. 

Effect  of  Deflection,  Contraction  and  Expansion:  Mains  are  seldom 
straight  cylindrical  pipe  from  end  to  end.  Normally  there  are  elbows, 
valves,  branch  outlets,  reductions  in  size,  separators,  expansion  joints,  etc., 
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each  addiiifr  to  friclional  resislance  and  causinfj  pressure  droj). 

Altliougii  not  teclinically  accurate,  it  has  been  I'ouud  louveuient  in 
cstiinatiufr-  to  expn-ss  these  resistances  in  iniits  of  the  additional  lenj^th  ol' 
run  of  straight  pipe  thai  would  produce  an  equal  effect.  Table  11-!},  which 
is  believed  to  be  conservative  and  likely  to  ])ro<luce  results  well  within  the 
tolerance  necessai'y  in  so  coni])licated  a  subject,  is  iigured  upon  this  basis. 

Fittings  of  different  manufacturers  vjir>-  in  resistance  in  similar  sizes 
and  similar  fittings  vary  in  percentage  of  resistance.  Xo  very  careful 
tests  covering  the  entire  I'ange  of  flow  of  wafer,  air  and  steam  are  available 
for  data,  butthosef  hat  do  exist  have  l)een  studied  in  making  up  this  table. 

Pressure  Drop:  The  necessity  for  ])ressure  drop  to  create  flow  in 
lieating  systems  is  further  explained  in  following  pages.  ^lodulation  and 
vacuum  systems  differ  in  degree  of  this  pressure  drop  ratlier  than  in  principle. 

Tal)le  11-2.    Weiglit  of  Steam  Flowin<:  Uniformly  in  One  Hour  Througli  Standard 

Straiglit  Level  Pipes  1000  ft.  Long,  with  a  Loss  of  1  lb.  per  Scj.  In., 

from   Given    Initial   Pressure   Within    Iidet    End 

P2  =  absolute  initial  pressure  within  entrance  of  main.  r  =  latent  heat  of  steam  at  absolute  initial 
pressure  Po.  1000  B.t.u.  =  thousands  of  B.t.u.  contained  in  the  entering  steam.  V  =  velocity 
of  steam  in  feet  per  min.  at  initial  density 
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The   pressure  drop  for  lengths  other  than  1000  ft.  will  be  y^     X    the  tabular    pressure    drop, 


where  Li  is  the  new  length  in  feet,  and  the  weight  of  steam  discharL 
given  above. 

The  pressure  drop  varies  as  -j —      The  pressure  drop  varies  as 


d  will  be     /low  XI he  discharge 
™   Li 

the  (weight)^. 


The  weight  of  steam  flowing  varies  as  v  pressure  drop. 


Table  11-3.    Resistance  of  Fittings  in  Feet  of  Straight  Pipe  to  be  Added  to 
Actual  Length  of  Run 
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Fig.  11-1.     Heat  transmission  in  B.t.u.  per  hour  per  square  feet  of  bare  and  covered  pipe 

Pressure  Drop  in  Modulation  Systems:  The  typical  modulation  system, 
as  illustrated  in  Figure  11-2,  when  operating  at  normal  rate,  requires  suffi- 
cient pressure  against  the  valve  piece  of  the  vent  valve  pi  to  cause  it  to 
open  against  the  atmospheric  pressure.  Representing  atmospheric  pressure 
as  p  and  this  excess  pressure  as  pi  the  expressions  p  +  pi  =  pressiu-e  at  en- 
trance of  vent  valve. 

116 


Cold  Water  Connection 


FiK.  11-2.    Diagram  of  modulation  system  layout  to  illustrate  pressure  drop 

To  cause  the  air  to  flow  from  the  vent  trap  through  the  vent  valve 
orifice  requires  a  pressure  difference,  which  may  be  represented  by  p2,  vary- 
ing with  velocity  of  flow.  Therefore,  pressure  in  the  vent  trap  becomes 
=  p  +  pi  +  P2.  To  cause  the  air  to  flow  from  outlet  of  the  radiator  trap 
through  return  main  to  the  vent  trap,  there  must  be  another  pressure 
difference,  represented  by  ps.  dependent  on  velocity  of  flow;  also  another 
pressure  difference  tlirough  orifice  of  radiator  trap  p4.  Therefore,  pressure 
ps  in  the  radiator  at  the  time  of  air  displacement  by  steam  from  the  boiler 
must  equal  the  sum  of  pi  +  ps  +  P2  +  Pi  +  P-  Of  these  last  expressions 
p  is  relatively  constant  with  gauge  at  zero  lb.  The  flow  through  the  vent  valve 
pi  is  nearly  constant,  being  mainly  that  pressure  difference  necessary  to 
overcome  the  g•ra^•ity  of  the  valve  piece,  and  adhesion  of  wet  surfaces  of  the 
seat.  The  variable  due  to  the  volume  of  air  passing  is  so  slight,  owing  to 
low  velocity,  that  it  may  usually  be  neglected. 

The  pressure  pi  of  vent  valve  suitable  for  a  modulation  system  is 
ye  lb.  per  sc^.  in. 

The  pressure  drop  through  vent  valve  orifice  p2  is  a  variable,  greatest 
during  initial  heating-up  period  when  a  large  volume  of  cool  air  is  expelled 
from  the  heating  system,  and  least  during  normal  heating  when  velocity 
is  that  slight  amount  due  to  entrained  air  in  condensation  passing  from  the 
radiation.  Air-vent  traps  are  rated  on  basis  of  flow  of  initial  air  in  40  min- 
utes in  a  system  with  y^  lb.  per  sq.  in.  diff"erential  pressure  tlirough  the 
vent-trap  valve. 

For  less  than  rated  capacity,  either  the  time  or  pressure  factor  or  both 
may  be  less;  for  instance,  with  po  constant,  one-half  the  amount  of  radiation 
would  require  one-half  the  time  period. 


The  pressure  drop  in  the  return  main  ps  is  also  a  variable,  jjreatest 
duriiifr  initial  heatinfj  and  d<'[)endent  on  length  of  run  and  maximum 
velocity.  In  a  well-jiroporlioried  system,  p,  should  never  exceed  1  20  Ih. 
per  sq.  in.  differential  i)el\veen  the  farthest  radiator  trap  and  the  vent  trap, 
and  during  normal  heating  it  is  so  sliglit  as  to  he  almost  negligible. 

The  pressure  drop  through  a  rachalor  trap  p4  is  also  a  variable,  least 
and  almost  negligible  during  initial  expulsion  of  air  from  radiation,  at  which 
time  the  trap-valve  orifice  is  w  ide  open.  As  the  radiator  warms  up  and  con- 
densation flows  through  the  trap  orifice  with  the  last  of  the  contained  air, 
p4  gradually  becomes  greater.  It  becomes  maxinumi  when  condensation  at 
or  near  steam  temperature  is  flowing  at  the  full  rating  of  the  return  tra[) 
for  a  given  p^  of  ^s  lb.  per  sq.  in.,  which  pressure  has  been  selected  from 
tabular  ratings  of  return  traps  (page  238).  It  is  good  practice  not  to  liave 
p4  exceed  ^  s  lb.  per  sq.  in.  w  here  it  is  advisable  to  carry  less  than  }4  lb. 
pressure  on  the  boiler  and  3^  lb.  w  here  a  pressure  of  1  or  2  lb.  can  be  carried. 

Representing  the  pressure  difference  necessary  for  flow .  initially  of  air 
and  suljsequently  of  steam,  from  the  radiator  branch  through  the  inlet  or 
modulation  valve  to  the  radiator,  requires  another  variable  p,;.  ^  §  lb.  per 
sq.  in.  at  full  rating,  least  (in  a  properly  designed  modulation  valve  full 
open),  during  initial  expulsion  of  air.  and  greatest  when  tht^  valve  is  ])artly 
closed  for  modulation  effect,  at  the  selected  rating  of  tliis  valve,  for  a  given 
pressure  difference  pe. 

Pt  is  usually  assumed  for  a  system  of  mains,  risers,  branches  and  run- 
outs, designed  from  data  on  flow  of  steam  in  mains  given  in  Table  11-8 
to  carry  the  maximum  normal  quantity  of  steam  in  a  given  time  from  the 
main  heat  pipe  near  the  boiler  to  the  inlet  valve  of  farthest  radiator,  with 
this  pressure  drop  p?. 

The  quantity  of  steam,  referred  to  in  the  preceding  paragraph,  flowing 
through  the  selected  size  main  supply  pipe  w  ill  have  velocity  at  the  boiler 
which  depends  upon  the  pipe  area  and  tlie  volume  of  steam  flowing  in  unit 
of  time.  To  impart  this  velocity  to  the  steam  from  a  state  of  quies- 
cence in  the  steam  space  of  the  boiler  and  to  offset  the  resistance  of  the 
orifice  requires  another  pressure  drop  p,.  Knowing  the  maximum  normal 
quantity  of  steam  and  the  size  of  the  main,  the  pressure  drop  to  give  the 
resulting  velocity  can  be  obtained  from  Table  11-1. 

It  follows  from  consideration  of  the  above  that  the  pressure  in  the  boiler 
Pb  at  time  of  maximum  normal  heating  effect  nnist  be  the  sum  of  p  +  ])i  -f  p2 
etc.,  including  p,  as  follows: 

p,  constant  at  atmospheric  pressure. 

pi,  at  least  intermittent  at  that  time. 

p.,  negligible  at  tliat  time. 

Pa,  negligilile  at  that  time  if  retiu-n  has  proper  grade. 

p4.  tabular  if  full  rated  value  in  radiation  is  on  farthest  unit. 

Pi,  pressure  drop  in  radiator,  negligible  at  that  time. 

pe,  tal)ular  if  full  rated  value  in  radiation  is  on  farthest  unit. 

Pt,  froju  assumption  in  design  from  flow  of  steam  in  main.     (Tal)le  11-8). 

ps,  that  required  for  velocity  head  under  above  assumption.     (Table  ll-l\ 
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The  heating-ii])  period  will  vary  in  accordance  with  initial  pressnre  in 
the  source  of  steam  supply.  Usually  some  lime  is  required  to  raise  steam  to 
the  normal  j^ressure  Pb.  During  that  time  air  will  he  expelled  and  steam 
flow  into  the  radiation  at  different  rates  due  to  the  varying  ])ressure  caused  by 
the  increasing  resistance  of  pi  +  p,.  If  steam  is  constantly  supplied  during 
the  heating-up  ])eriod  at  pressure  Pb.  as  when  a  central  ])lant  is  the  steam 
source,  the  condensation  rate  in  the  radiation  due  to  absorption  of  heat 
by  the  metal  will  be  as  far  in  excess  of  normal  as  the  sum  of  maximum 
Pi  +  P2  +  p.i  +  an  intermediate  p4.  deducted  from  Pb  —  p,  will  produce 
a  pressure  difference  (pa)  to  cause  initial  velocity.  It  will  flow  tlirough 
mains  at  a  rate  substantially  in  the  same  proportion  as  p^  is  to  pr.  provided 
initial  velocity  equal  to  p^  has  been  previously  imparted  to  the  steam  within 
the  entrance  of  the  main. 

The  intermediate  p4  referred  to  in  the  above  paragraph  is  caused  by 
the  partial  extension  of  the  thermostatically  moved  valve  piece  in  the  return 
trap.  This  factor  varies  from  full  open  and  minimum  resistance,  when 
steam  is  first  admitted  and  chilled  condensation  commences  to  pass,  to 
nearly  closed  position  and  full  resistance,  when  the  radiator  is  completely 
filled  up  to  the  return  trap  with  steam  at  a  temperature  corresponding 
with  its  pressure. 

Modulation  systems  when  operated  at  less  than  normal  condensation 
may  circulate  continuously  at  pressure  materially  lower  than  the  normal 
Pb,  or  may  be  intermittently  operated  at  a  pressure  less  than  p,  jirovided  the 
air  has  first  been  expelled  by  a  higher  operating  pressure.  Under  such 
conditions,  however,  the  system  will  graduaUy  become  air-bound  and  cease 
to  circulate. 

In  designing  modulation  systems,  all  gravity  drip  points  should  be  pro- 
vided w  ith  a  hydraulic  head  (Hi)  of  at  least  2^  2  fp<^t  for  each  pound  per 
square  inch  of  p:  +  p,  +  frictional  resistance  in  run  of  gravity  drip  and  re- 
sistance of  check  valve  between  gravity  drip  and  boiler,  when  the  boiler  is 
generating  steam  at  its  full  capacity  to  supply  cold  radiation. 

If  the  gravity  ckij)  be  taken  from  radiation  located  below  the  dry  re- 
turn, with  thermostatic  air  vent  up  to  the  dry  return,  then  the  resistance  of 
any  additional  branch  main,  radiator,  valve  and  check  valve  on  gravity  drip, 
must  be  added  to  p:  +  pe,  etc.,  given  above,  to  determine  whether  H2  is 
sufficient. 

The  hydraulic  head  in  inches  of  water  on  the  check  valves  will  vary 
with  the  make,  weight  and  angle  of  the  clapper  and  the  size  of  pipe  tappmg. 
This  head  is  seldom  less  than  3  in.  with  the  clapper  at  an  angle  of  10 
deg.  from  vertical  and  may  run  up  to  18  in.  and  higher  with  vertical-lift 
valve  pieces. 

In  installing  radiation  with  gravity  drip  for  condensation  as  above,  it  is 
important  that  the  branch  connections  and  valve  to  such  radiation  have 
sufficient  free  area  when  in  use,  to  cause  little  or  no  reduction  in  pressure  in 
the  radiator,  from  that  in  the  main.  A  partially  closed  inlet  valve  might 
cause  such  a  reduction  in  pressure,  when  added  to  the  other  resistances,  that 
there  would  not  remain  sufficient  total  pressure  in  the  radiator,  when  added 
to  the  available  Ho.  to  overcome  the  pressure  Pb  plus  the  check  valve  resist- 
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ance  in  gravity  drip.  In  consocjiiencp  of  this,  condcnsalion  would  build  up 
in  the  colunni  H;,  seal  the  radiator  outlet  and  linally  cause  the  radiator  to 
become  water-logged,  possibly  draining  at  a  partial  condensation  rale, 
through  the  air  vent  into  the  dry  return  line. 

The  closing  level  of  the  air-\ent  trap  should  b<>  located  al  such  a  height 
above  the  water  line  of  the  boiler  that  a  hxdraulic  cohnnn  is  produced  fully 
equal  to  the  resistance  of  its  ch(>ck  valve  and  drain  pipe  |)his  normal  1\. 

This,  however,  is  not  as  important  as  to  have  II,  and  llj  ain|)le.  \n 
air  pressure  will  accunudate  in  this  vent  trap  due  to  closing  of  the  venl  out- 
let, when  column  II  is  nt)t  sullicient  to  overcome  resistance  of  drip  line  and 
the  jjressure  Pb  in  the  boiler.  This  air  i)ressure  will  continue  to  build  uj) 
with  vent  clo.sed,  until  the  built-uj)  ])ressure  with  the  assistance  of  column 
H  overcomes  the  resistance  of  the  boiler  pressure.  Then  colunm  li  will 
fall,  the  air  vent  will  open  and  allow  escape  of  some  air.  thereV)y  relieving 
part  of  pressure  in  the  vent  trap.  Column  H  will  again  rise,  closing  the 
air  vent,  and  this  cycle  w  ill  be  repeated.  When  intermittent  venting  is  repeated 
for  a  sufficient  length  of  time  under  excess  pressure  without  admitting  raw 
feed  water  containing  gases,  all  the  air  will  be  expelled  from  the  radiation. 

Such  a  system  will  continue  indefinitely  to  circulate,  due  to  a  pressure 
difference  which  will  be  fully  equal  to  that  of  its  normal  H:  that  is.  the  pres- 
sure in  the  vent  trap  will  be  less  than  the  pressure  in  the  boiler,  by  an  amount 
equal  to  an  hydraulic  colunm  of  height  H  less  the  resistance  of  the  check 
valve  on  the  drip  of  this  colunm. 

In  modulation  systems  designed  for  a  stated  pressure  Pb  and  open  vent 
at  head  II.  the  only  ditliculty  occurs  where  a  pressure  exceeding  Pb  is  built 
up  rapidly  before  the  initial  air  has  been  fidly  expelled.  I'nder  such  con- 
ditions complete  circulation  will  not  l)e  obtained  as  rapidly  as  if  steam  had 
been  generatetl  at  a  slower  rate. 

To  overcome  the  difficulty  in  expelling  air  and  returning  condensation 
to  the  boilers,  where  excessive  pressure  is  rapidly  generated,  as  in  the  use 
of  certain  grades  of  bitinninous  coal,  wood,  etc.,  a  special  Ihgh-duty  vent 
trap  should  be  employed.  In  this  trap,  due  to  the  rise  in  column  H,  the 
air  vent  is  automatically  closed  and  an  eciualizing  pipe  between  the  boiler 
and  the  vent  trap  is  opened,  the  water  imder  eijuahzed  pressure  flowing 
by  gravity  to  the  boiler,  after  which  the  equalizing  pipe  is  closetl  and  the 
an*  vent  again  opened.  The  two  operations  taking  place  alternately,  serve 
to  vent  the  system  completely  of  air  and  also  retiu-n  the  condensation  to 
the  boiler,  regardless  of  the  boiler  pressure. 

As  follows  in  the  discussion  of  pressiu'e  droj)  in  vaciuun  systems,  the 
return  mains  should  be  proportioned  relatively  to  the  steam  mains  selected 
for  equal  duty.     This  principle  applies  also  to  modulation  systems. 

The  basic  proportional  sizes  of  returns  to  supply  mains  recommended 
are  given  in  Table  11-4. 

Pressure  Drop  in  Vacuiwi  Systems:  The  reason  for  employing  a  vacuum 
system  rather  than  a  modulation  system  lies  in  the  greater  total  drop 
obtainal)le  from  a  given  initial  pressure  P  above,  to  terminal  pressure  p 
below  atmospheric,  thereby  obtaining  circulation  through  greater  resistance 
due  to  long  pipe  runs  and  lack  of  grade  for  gravity  flow  of  condensation. 


Table  11-4.    Relative  Proportions  of  Steam  Supply  and  Return  Mains  in 
Modulation  Systems 


Supply  main 

Dry  return  main 

Return  riser 

Wet  return 

1 

1>4 

1 1 o  and  2 
21 ., 

H 
1 

134 

1K2 

1 
13i 

1 

3  and  3}  9 

1 

4H  and  5 

6 

0'^ 

3 

IH 
2M 

11/2 
1K2 

2 

7  and  8 
9  and  10 
12 

3  and  3' 2 

4  and  4^2 

5 

3 
4 

2}i 

Lowering  the  terminal  pressure  p  by  meclianicai  exiiaustioii  in  return 
mains  (the  vacuum  system)  allows  greater  pressure  drops  through  each  of 
the  series  of  resistance. 

In  good  vacuum  system  jjractice.  the  total  drop  betw  een  source  of  sup- 
ply through  the  inlet  valve  of  the  farthest  radiator  on  the  system  should  be 
that  between  available  initial  and  atmospheric  pressure,  so  that  normally 
the  pressure  in  the  radiator  will  be  at  or  very  slightly  below  that  of  the  at- 
mosphere. The  pressure  drop  p4  of  the  return  trap  may  usually  lie  two  to 
three  times  that  permissible  in  a  well  designed  modulation  system.  The 
drop  p3  in  the  vacuum  return  lines,  if  graded  in  direction  of  How,  may  equal 
that  in  the  supply  mains  of  the  system  under  consideration,  and  if  it  be  neces- 
sary to  elevate  the  condensation  at  one  or  more  vertical  lifts  in  order  to  ob- 
tain horizontal  grade  toward  the  vacuum  pump,  this  (within  limits  of  tem- 
perature of  condensation)  may  be  obtained  by  increasing  the  displacement 
of  air  and  vapor  by  the  pimip.  In  systems  where  the  high  vacuum  neces- 
sary to  lift  the  condensation  at  one  or  more  points,  would  occasion  a  need- 
lessly high  vacuum  in  that  portion  of  return  system  which  has  a  gravity 
flow ,  the  degree  of  vacuum  may  be  reduced  by  means  of  special  vacuum 
controlling  apparatus  w  Inch  provides  for  continuous  discharge  of  condensa- 
tion and  also  for  a  reduction  of  degree  of  vacuum  betw  een  the  inlet  and 
outlet  of  the  apparatus.  (See  Chapter  15,  page  176,  for  description  of  such 
apparatus.) 

In  general,  owing  to  greater  pressure  drop,  a  vacuum  system  will  not 
require  as  large  mains,  branches  to,  and  inlet  valves  of  radiation  as  needed 
for  a  modulation  system.  Likewise,  the  radiator  traps  and  retin-n  mains 
may  be  smaller  for  similar  sized  units  of  radiation  provided  radiator  traps  of 
high  efficiency  are  properly  installed  to  prevent  leakage  of  steam  to  return  lines. 

Return  traps  on  radiators  should  l)e  proportioned  for  a  pressure  dif- 
ference of  between  }  9  ''ii^d  1  lb-  depending  upon  the  condition  of  the  partic- 
ular problem. 

Return  mains  should  be  proportioned  relatively  to  the  steam  mains 
selected  for  equal  duty  by  the  table  of  comparative  sizes  (Table  11-5), 
allow ing  additional  areas,  however,  where  there  is  probability  of  high  tem- 
perature in  the  outlet  end  of  returns,  due  to  steam  leakage  of  return  traps 


or  lack  of  vapor  coiuhMisalioii  occasioned  l)\  tlioroujj:lily  iiisiilalocl  mains 
retaining  tlio  heat  in  the  water  passinfi;  llnoni;!!  the  radiator  traps. 

Where  liigh  vacnuni  for  hi'ls  increases  the  vohune  of  vapors  and  gases 
to  lie  removed,  at  least  one  size  larger  retnrn  mains  shonld  he  nsed. 

Such  degn^e  of  partial  vacuum  should  l)e  carried  In  i)ro|)erly  propor- 
tioned |)ump  displacement  as  to  cause  a  partial  vacuum  ('(pial  to  the  select<'d 
pressure  dillVrence  {\)a)  through  the  most  remote  return  traps  on  the  system. 
In  proportioning  pump  disj)lacement  for  vacuum  systems,  the  most  com])lex 
problem  is  that  of  pro[ter  allowance  for  the  amount  of  vapor  and  air.  Pres- 
sure below  atmosphere  in  any  j)art  of  the  system  is  liable  to  induce  invisible 
air  leaks.  For  full  eiliciency  of  radiation,  the  tem{)erature  of  condensation 
passing  through  return  traps  nuist  be  close  to  that  due  to  the  steam  pressure 
in  the  radiator. 

Part  of  the  hot  water,  when  flowing  into  lower  ])ressure  in  tlu'  return 
line,  flashes  into  vai)or  of  high  specific  volume.  The  amount  may  be  deter- 
mined by  inspection  of  the  re-evaporation  chart  shown  on  page  157. 

Some  of  this  va])or  will  be  condensed  on  the  way  to  the  vacuinn  ])umj), 
the  volume  depenchng  ujion  whether  or  not  the  returns  are  insulated  and 
also  upon  the  amount  of  radiation,  due  to  the  length  of  the  return  pipe. 
It  must  be  l)orne  in  mind  that  the  vacuum  or  degree  of  jjartial  ])ressure  in 
the  return  line  cannot  exceed  that  corresponding  to  the  temperature  of  the 
water  of  condensation. 

Inleakage  of  air  through  even  minute  imperfections  in  piping  causes  an 
increase  of  volume  to  be  handled  proportionately  as  the  absolute  tempera- 
ture of  the  air  at  inleak  is  to  the  absolute  temj)erature  in  the  return  system, 
plus  expansion  from  that  volume  at  atmospheric  pressure  to  that  of  vacuum 
pressure. 

As  explained  in  Chapter  13  on  Vacuum  Pumps,  it  is  frequently  possible 
to  take  advantage  of  some  condensing  medium  such  as  cool  air  for  ventila- 
tion, or  water  which  must  be  warmed  for  cooking  and  washing,  boiler  feed, 
etc.,  and  use  this  medium  for  cooling  and  condensing  the  air  and  vapor 
to  decrease  its  volume  on  the  way  to  the  pump. 

Table  11-5.    Normal  Relation  of  Return  Mains  and  Risers  to  Supply  Mains 
Caring  for  Equal  Amounts  of  Steam  in  Vacuum  Systems 

Gra\  ity  drip  vertical  outlet  at  heel  of  risers  2J-^-in.  and  under,  less 
than  12  stories  high.  34-in.  Over  12  stories  or  over  2}4-in.  riser  1-in. 
vertical  outlet  increasing  in  horizontal  run  to  l'4-in. 
Horizontal  gra\ity  drips  Number  of  ^4  or  1-in.  outlets  which 

graded  at  least   '4-in.  in  may  be  carried  on  one  horizontal 

10  feet  are  usually  capa-  run  when  graded  '4-in.  in  10  feet, 

ble  of  caring  for  the  num-  pro\ided  radiation  on  steam  riser 

ber  of  ^4  or  1-in.  outlets  does    not   drain    as   in   one-pipe 

as  follows:  system 

Size  No.  of  'j-in.  No.  of  1-in. 
horizontal                                            outlets  outlets 

134-in.  12  6 

V4  18  12 

2  30  18 
2J4                                          60                          36 

3  100  -JO 


Horizontal 

Horizontal 

Vertical 

supply  main 

return 

return 

l'<i-in.  and  less 

^'4-iii- 

U-in. 

IJ^  and  2-in. 

1 

•*4 

2}^-in. 

1'4 

1 

3  and  3^-in. 

11   , 

1'4 

4,  4 '2  and  .^-in. 

2 

11., 

6  and  7-in. 

2'  •> 

•'< 

8  and  9-in. 

.{ 

21  9 

10-in. 

31., 

3 

12-in. 

4 

31^ 

14  and  l.^-in. 

4>.i 

4 

16  and  17-in. 

.", 

14 

18  and  20  in. 

6 

3'/2 


^> 


4'/2 


^5' 


Sizing  of  Piping:  The  use 
of  the  tables  in  sizing  piping  may 
best  be  explained  by  the  following 
examples. 

]'acuinn  System:  Assume  a 
central  steam  generating  plant  for 
a  group  of  buildings.  Figure  11-3. 

In  the  problem  here  presented 
are  a  boiler  house  and  three  de- 
tached  buildings   A,   B    and   C, 
connected  by   a  system  of  well- 
covered   mains    in   a    tunnel. 
Through  these  mains  it  is  desired  to  con- 
vey 6000  lb.  of  steam  to  building  A,  5000 
lb.  to  building  B,  and  3000  lb.  to  building 
C.  per  hour,  with  a  pressure  drop  from 
16-11).  absolute  in   the  boilers  to  or  near 
atmospheric  pressure  just  beyond  the  main 
valve  in  each  building. 

Good  covering,  still  air  at  about  70 
deg.  and  proper  drainage  are  assumed. 

The  total  steam  requirement  i)er  hour 
of  buildings  A,  B  and  C  is  1 1.000  lb. 

The  longest  run  of  main  is  from  the 
boiler  house  to  building  ('  and  without 
allowance  for  fittings  is  880  ft. 

In  estimating  the  sizes  of  pipes  by  the 
use  of  Table  11-2  it  is  necessary  to  first 
find  the  drop  of  pressure  per  1000  ft. 
and  then  to  find  the  corresponding  ((lum- 
tity  of  steam  flowing  through  the  pipe 
for  a  drop  in  pressure  of  1  lb.  for  this  dis- 
tance of  1000  ft. 

The  pressure  drop  varies  directly  as  the  length  of  a  pipe,  and  the  weight 
of  steam  discharged  through  a  pipe  varies  directly  as  the  sciuare  root  of  the 
pressure  drop.    We  therefore  multiply  a  given  weight  of  steam  by 
i  1  lb.  X  (the  tabular  pressure  drop  per  1000  ft.) 
y         The  given  pressure  drop  per  1000  ft. 
to  find  the  equivalent  weight  of  steam  at  1-lb.  drop  per  1000  ft. 

The  assumed  drop  in  pressure  is  16  —  14.7  =  1.3  11>.  per  sq.  in. 

For  a  given  total  drop  of  1.3  lb.,  the  drop  per  1000  ft.  is 

^Q  X  1000  =  1.18  lb. 

The  first  section  of  pipe  to  A  conveys  14..000  11).  per  hr.  and  the  cor- 
responding weight  of  steam  at  1-lb.  drop  per  1000  ft.  is 


Fig.  11-3.  Illustrat- 
ing the  problem  of  siz- 
ing steam  and  return 
lines  for  group  of  build- 
ings as  described  in  the 
text 


_1_ 

1.48 


14,000  =  11500  lb. 


Refcrriiia  to  Table  11-2  we  find  that  to  convey  11500  11).  })er  In-,  at  a 
pressnre  drop  of  1  Ih.  per  1000  ft.  re(inires  a  12-in.  ])ipe. 

The  second  section  of  main  from  A  to  U  conveys  8000  Ih.  per  hr.  at 
a  pressure  drop  of  1.1(5  Ih.  per  1000  ft.  Usinif  the  same  reasoning  we  find 
that    thi'   corresj)on(hnfi;   weight   of   steam   at    1-lh.    (h'oj)    jx-r    1000    ft.    is 

J_  X  8000  =  6600  Ih. 

V  1.48 

From  Table  11-2  the  pipe  size  is  ftmnd  to  l)e  10-in. 

Similarly  the  branch  from  B  to  building  C  convevs  3000  11).  i)er  hour 
at  1.18  lb.  dropper  1000ft. 

The  corresponding  weight  at  1  lb.  droj)  ])er  1000  ft.  is 

J-  X  3000  =  2 160  lb. 

V  1.48 

And  from  Table  11-2  the  pipe  size  is  7-in. 

The  total  steam  to  be  carried  will,  however,  be  in  excess  of  1 1000  11). 
by  the  amoiuit  condensed  in  the  mains. 

The  pressiuv  droj)  for  pipe  friction  will  be  less  than  1.3  lb.  by  the  amount 
necessary  for  initial  velocity. 

The  length  of  run  ecjuivalent  to  the  lineal  run  ])lus  the  added  allowances 
for  fittings  as  shown  in  Table  11-3  will  be  materially  in  excess  of  880  ft. 

It  is  therefore  evident  from  an  inspection  of  the  plan  that  the  above 
trial  sizes  may  be  too  small  and  that  it  will  be  advisable  to  assume  an  increase 
of  one  size  of  pipe  above  those  previously  assumed,  in  all  cases  where  there 
is  a  considerable  number  of  fittings  etc.  This  is  true,  in  this  problem,  in 
the  first  section  of  the  main. 

The  trial  sizes  will  then  l>e,  14-in.  for  the  I'un  to  branch  A;  10-in.  to 
branch  B  and  7-in.  to  C. 

Coiidoisatioii  Alloivauccs:  For  425  ft.  of  14-in.  main  from  the  boiler 
to  branch  A. 

From  Table  11-2  we  find  the  scjuare  feet  of  surface  i)er  lineal  foot  of 
pipe  to  be  3.9  sq.  ft.,  this  equals  1657.5  sq.  ft.  for  the  425  ft.  of  14-in.  main. 
To  this  shoidd  be  added  5  per  cent  for  radiation  from  fittings  making  approxi- 
mately 1740  sq.  ft.,  radiating  50  B.t.u.  i)er  sq.  ft.  i)er  hr.,  when  the  tempera- 
ture drop  is  216  deg.  —  70  deg.  =  146  deg.  Multiplying  50  (B.t.u.)  by 
1740  (sq.  ft.)  and  dividing  by  968  gives  the  total  condensation  for  the  1  f-in. 
main,  which  equals  approximately  90  lb. 

The  10-in.  main  condenses  2.82  (sq.  ft.  of  surface  per  lineal  ft.)  X  200 
(ft.)  X  50  ^  968  or  29.2  lb.  +  5  per  cent  for  fittings       31  lb. 

The  7-in.  main  condenses  2  X  255  X  50  ^  968  or  26.4  lb.  +  5  per 
cent  for  fittings  ^^  28  lb. 

It  is  evident  that  the  condensation  of  the  branches  will  be  a  small 
portion  of  the  total  quantity  of  steam  carried  by  the  main  or  branches. 
Estimating  by  comparison  with  branch  to  C,  it  is  obvious  that  branches 
to  A  and  B  will  condense  hardly  more  than  40  lb.  per  hour  each. 

This  gives  us  the  total  quantitv  of  steam  to  be  carried  bv  the  1  1-in. 
main;  14000  +  90  +  31  +  28  +   lo'+   10  =   14229  lb.  per  hr. 

1-24 


The  10-in.  main  carries  8000  +  31  +  28  +  40  . .  8099  lb.  per  hr. 

The  7-in.  branch  to  C  carries  3000  +  28  =  3028  lb.  per  hr. 

Pressure  Drop  for  Initial  J'elociti/:     In  a  14-in.  main  conveying  18970 

lb.  per  hour  the  velocity  is  7060  ft.  per  min..  from  Table  11-2.    At  14229  lb. 

14'^"'9 
per  hour  the  velocity  will  be       ""    x  7060  =  5300  ft.  per  min. 

189  ( 0 

From  Table  11-1  we  find  that  0.0625  lb.  is  required  to  accelerate  the 

steam  from  rest  in  the  boiler  to  a  velocity  of  5520  ft.  per  min.  in  the  main. 

For  5300  ft.  per  min.  the  drop  is  therefore  (^\  x  0.0625  lb.  =  0.06  lb.  drop 

velocity  head.  The  residual  pressure  available  for  overcoming  friction 
in  the  mains  and  branches  is  1.3  —  0.06  =  1.24  lb.  per  sq.  in. 

Referring  to  Table  11-3  we  find  the  equivalent  resistance  in  feet  of 
straight  pipe  to  be  added  to  the  rim  for  friction  in  fittings,  etc.  The  various 
quantities  are  tabulated  on  page  126  and  the  summation  of  the  quantities 
gives  the  equivalent  length  of  pipe  for  each  section  and  for  the  total.  We 
find  that  the  revised  equivalent  run  is  now  1559  ft.  and  with  a  given  drop  of 
1.24  lb.  in  the  total  run.  the  drop  per  1000  ft.  is  0.796  lb.  In  the  last  column 
s  found  the  revised  actual  pressure  drop  for  each  section. 

The  pressure  drop  through  a  pipe  varies  as  the  square  of  the  weight 
flowing  through  it.  If  we  know  the  weight  of  steam  discharged  through  a 
pipe  w  th  1-lb.  drop  per  1000  ft.  (as  from  Table  11-2)  and  wish  to  find  the 
drop  of  some  other  weight  (as  the  weights  in  column  q  on  next  page)  we  can 
obtain  it  by  applying  this  law.  The  square  of  the  quotient  of  the  given 
weight  divided  by  the  tabular  weight,  times  the  tabular  drop  eqiuxls  the 
drop  for  the  given  quantity  (column  s). 

The  total  drop  of  1.16  lb.  shown  in  the  table  is  as  close  to  the  desired 
drop  as  can  be  expected  with  commercial  sizes  of  pipe.  If  the  deviation 
had  been  greater,  one  or  more  of  the  trial  sizes  would  have  to  be  altered 
to  bring  the  total  drop  nearer  that  desired.  Inspection  of  column  s  will 
show  in  which  portion  or  portions  of  the  main  the  drop  per  1000  ft.  is  farther- 
est  from  the  average  of  0.796  lb. 

It  is  this  section  or  sections  that  should  be  refigured. 

The  pressure  available  for  friction  in  the  branches  is  the  difference 
between  the  total  available  drop  of  1.24  lb.  and  the  amount  already  utilized 
in  the  main  up  to  the  junction  with  the  branch  in  question. 

The  procedure  for  determining  branch  sizes  is  exactly  the  same  as 
for  the  mains;  assuming  one  size  larger  than  the  calculated  trial  size,  adding 
condensation  and  allowance  for  fittings  and  checking  to  see  that  the  actual 
drop  to  the  building  is  close  to  the  permissible  drop. 

The  drop  in  the  branch  to  A  is  1.24  lb.  -  0.518  lb.  =  0.722  11).  Di- 
viding this  by  255  ft.  (^actual  length  of  run  to  A)  X  1000  gives  2.83  lb. 
drop  per  1000  ft.  in  this  run. 

The  corresponding  weight  at  1-lb.  drop  per  1000  ft.  is: 

^   ^'^^  X  6000  (lb.)  =3560  lb.;  requiring  (;from  Table  11-2)  8-in.  pipe. 


'\2.83(lb. 

The  drop  in  the  branch  to  B  is  1.24  lb.  -  0.768  lb.  =  0.472  lb.  Dividing 
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Table  11-6 

Section 

Trial 

pipe 
m 

Actual 
length 

Equivalent 

length 

for 

fittings 

Total 

equivalent 

length 

in  +  OJ 
n 

Weight 

of 
steam 

« 

From 
Table  11-2 

Weight 
passed  bv 
trial  size  at 
I-lb.  drop 
per  1000  ft. 

Actual 
pressure 
drop  per 

1000  ft. 

(;)■■ 

Actual 
drop  in 

of  main 

P 

Ib.i X  s 

1000 
t 

BoiU-r  house 
to  branch  .\ 

ll-in. 

125 

1  Gl.  V. 

160  ft. 
6  ells 
.■518  ft. 

903  ft. 

lb. 

11229 
per  hr. 

18970 
lb.  per  hr. 

.561  Ih. 

.518  lb. 

478  ft. 

Branch  .\ 

to 

hniiuh  n 

l(l-iii. 

200 

run  of 

reducing 

21  ft. 

221ft. 

8009  lb. 

|]iT  lir. 

7680  lb. 

,,rr  hr. 

1.12  1b. 

.251b 

Tot.  21  ft. 

Branch  B 

to 
bldg.  C 

7-in. 

2.1.) 

1  Gl.  V.  82  ft 

3  ells  78  ft. 

run  of 

reducinK 

tee   17   ft. 

'  ri-2  ft. 

3028  lb. 
per  hr. 

31.-..5  lb. 
per  hr. 

.921  lb. 

.398  lb. 

Tot.  177  ft. 

Total 

equiv. 

main  15.59  ft. 

Total  drop 

1.166  lb. 

this  by  155  time.s  1000  gives  3.01-11).  tiro])   i)er  1000  ft.  in  this  run.     The 

correspondinfi;  weight  is      i L^  x  5000  (11).)  =  2880  lb.  re(|iiiring  a  7-iii.  ])ipe. 

■V3.01 

Assume  tor  the  first  trial,  one  size  larger  than  figured  above,  to  take  care 
of  the  comparatively  large  niunber  of  fittings,  etc.  The  branch  to  A  will 
be  9-iii.  and  to  B,  8-in. 

The  estimated  quantities  of  condensation  are  close  enough  for  use  in 
sizing  these  branches.  The  total  cjuantitv  carried  l)v  branch  to  A  is  there- 
fore 6000  +  40  =  6040  lb.  and  by  branch  to  B,  3000  +  40  =3040  lb. 


Table  11-7 


Section 

Trial 
pipe 

Total 
equivalent 
Fittings              length 

Weight 
passed 
by  trial 
Weight      size  with 
of           1-lb.  drop 
steam     per  1000  ft. 
X                   y 

Actual 

pressure 

drop 

per  1000  ft. 

(-)'xlilb. 

y 

Actual 
drop 

branch 
wXz 

Drop 

to 
branch 

Total 
drop 
boiler 
house 
to  bldgs. 

Branch 
A 

9-in. 

br.  tee  68  ft.  2  ells  497  ft. 
70ft.GI.V.104ft. 

6040  lb.  5900  lb. 

1.0  lib. 

.52  lb. 

.518  lb 

1.038  lb. 

Total  242  ft. 

Branch 
B 

8-in. 

br.  tee  63  ft.  2  ells  371  ft. 
62  ft.  Gl.  V.  91  ft. 

5010  lb.    4100  lb. 

1.311b. 

.49  lb. 

.768  lb. 

1.258  1b. 

Total  219  ft. 

Since  the  total  drop  from  the  boilerhouse  to  the  hiiiUliue;  in  each  case 
is  not  far  from  1.21  lb.,  or  is  at  least  as  close  as  connnercial  sizes  of  pipe 
will  allow,  the  trial  sizes  of  9-in.  to  A  and  8-in.  to  B  are  correct. 

The  sizes  of  retnrn  mains  shonld  be  l)asx>d  upon  the  sizes  of  the  corre- 
sponding steam  mains  in  the  foregoing  example. 

By  referring  to  Table  11-5  we  find  as  follows:  l)ranch  returns  from 
buildings  B  and  (.'  are  respectively  3-in.  and  'lyo-in.  tt)  the  junction,  where 
they  increase  to  3i'2"i"--  continuing  this  size  to  the  point  where  the  3-in. 
return  from  building  A  joins  the  above.  Increase  the  retiuni  here  to  P  2"ii^- 
and  continue  this  size  to  the  vacuum  pump  in  the  boiler  house. 

Long  computations  such  as  the  above  are  required  only  in  cotmection 
with  extensive  distriliuting  systems,  where  the  cost  of  one  size  larger  pipe 
becomes  important. 

For  general  use  in  sizing  mains,  branches  and  risers  for  l)oth  modulation 
and  vacuum  systems.  Tables  11-8  A.  B,  C  and  1)  will  be  found  sufficiently 
accurate  if  used  with  discretion.  They  are  based  upon  7.5  per  cent  of  the 
values  of  Table  11-2  and  will  cover  an  ordinary  amount  of  valves,  fittings, 
etc.,  if  glol>e  valves  are  excluded. 

In  the  use  of  Tables  11-8  A.  B,  C  and  D  the  permissible  ])ressure  drop 
between  the  inlet  of  the  supply  main  and  the  farthest  ratliator  determines 
the  alphabetical  sub-division  of  the  table  which  is  to  be  used.  Table  23-7 
in  Chapter  23  gives  a  list  of  pressure  differentials,  which  will  be  found  reason- 
ably accurate  for  various  types  of  modulation  and  vaciunn  systems  under 
ordinary  conditions. 

The  following  rules  should  be  employed  to  determine  which  column 
of  length  of  run  should  be  used  for  horizontal  or  vertical  i)ipes  in  the  alpha- 
betical sub-division  selected. 

1.  For  horizontal  supply  pipes,  find  the  total  run  in  feet  ;dong  the  pipe 
from  the  source  to  the  farthest  radiator  and  use  the  corresi^onding  column 
in  the  table. 

2.  For  sizing  up-feed  risers,  add  iV  of  the  length  of  the  vertical  pipes 
to  the  total  run  found  by  Rule  1,  and  use  corresponding  column  in  table. 

3.  For  sizing  down-feed  risers  deduct  ,'-',t  of  the  length  of  the  vertical 
pipes  from  the  total  run  found  by  Ride  1,  and  use  the  corresponding  column 
in  the  table. 

4.  The  sizing  of  supply  run-outs,  especially  those  in  which  the  con- 
densation must  flow  Ijy  gravity  in  the  opposite  direction  to  the  steam  current, 
calls  for  special  consideratit)n  and  will  be  discussed  in  Chapter  12  on  Critical 
Velocities  in  Radiator  Run-outs. 

5.  The  sizes  of  return  mains  and  rim-outs  should  be  based  on  the  sizes 
of  supply  mains,  which  will  take  care  of  a  similar  ciuantity,  and  are  found 
by  reference  to  Table  11-5.  For  convenience,  the  correct  sizes  of  return 
mains  and  risers,  for  a  given  number  of  pounds  of  condensation,  length  of 
run  and  pressure  differential,  are  also  contained  in  Table  11-8  A,  B,  C  and  D. 

Modulation  System:  In  sizing  piping  for  modulation  systems,  long  com- 
putations such  as  described  under  vacuum  systems  are  not  necessary. 
The  Tables  11-8  A  to  8  D  are  sufficientlv  accurate  for  ordinarv  conditions. 


Table  11-8.     Ratings  of  Supply  and  Return  Mains  in  Pounds  of  Steam  per  Hour, 

for  Various  Pressure  Drops  from  Initial  Pressure  of   l()  11).  Absolute, 

when   in  Horizontal   Runs  of  from  300  to   1,000  ft. 

These  tables  are  found  by  takirif?  75  percent  of  the  vahjcs  of  slrai(,'ht  pipe  given  in  Tiible  11-2,  to 
cover  an  ordinary  number  of  valves  and  fittings,  entrance  velocity  and  otl>er  resistances  to  the  How  of  steam 


A — %-lb.  Drop  in  Pressure 


P,pe 

•Jizes  for  modulation  systems 

Length  of  run  in  feet 

Return  i 

rem  table  114) 

Steam  supply 

.?00 

400                           500 

750 

1,000' 

Return 
riser 

Dry  return  main 

Rating  in  pounds  of  steam  per 

hour 

M" 

H" 

1" 

7.08 

6.12                 5.48 

A.  18 

3.88 

%" 

1" 

IW" 

16  9 

11   6                 13  1 

10  7 

9.25 

1" 

VA" 

IH" 

26  () 

23                     20  6 

16.85 

11.6 

1" 

134" 

2" 

55    1 

17.8                 42  9 

35 . 

30.35 

IW 

^k; 

2H" 

91    .-. 

79                       71 

57  « 

50.2 

VA" 

VA" 

3" 

169 

116                     131 

107. 

92.5 

iW 

VA" 

3J^" 

249  5 

215   5                19:',    1 

157   7 

136.5 

VA" 

2" 

4" 

353  5 

.305.                   271 

223   5 

193.6 

2" 

2H" 

5" 

612.5 

5.54                      198 

106 

3.52. 

2K" 

3" 

6" 

1013. 

900                    808 

660 

572. 

3" 

3" 

7" 

1525. 

1318                  1185 

965. 

8.36 

3" 

Vi" 

8" 

2130 

1810                  16.50 

1317. 

1168. 

3A" 

4" 

9" 

2855. 

2465                 2215. 

1806. 

1561 

SVo" 

iV^" 

10" 

3835 

3315.                2975. 

2425 

2110 

4" 

5" 

12" 

6060. 

.5230                 4700. 

3835 

3320 

5" 

6" 

14" 

9175. 

7920.                7120 

.5800 

5030. 

5" 

6" 

16" 

11320. 

9780.                8780. 

7160, 

6210 

9" 

7" 

18" 

15.350 

1.3280               11900. 

9720 

8110. 

7" 

8" 

20" 

20100. 

17400                15600 

12720 

11030. 

B — I'l-lb.    Drop  in  Pressure 


Pipe 

sizes  for  modulation  systems 

Length  of  run  in  feet 

Return  ffrom  table  11-41    I 

300' 

400'                       500' 

750' 

1,000' 

Return 

Dry  return  riser 

Rating  in  pounds  of  steam  per 

hour 

Ti 
1" 
1" 

H" 
1" 

VA" 
VA" 

1" 

VA" 
VA" 
2" 

10.03 
23.9 
37.7 
78  4 

8.67                 7.75 
20.7                 18.5 
32.6                 29.2 
67  8                 60.7 

6.34 
15.1 
23.8 
49.6 

5.48 
13.1 
20.6 
42.9 

VA" 
VA" 
VA" 
VA" 

VA" 
VA" 
VA" 
2" 

2A" 
3" 

3J^" 
4" 

129.5 
239. 
353. 
510. 

112.                  100.3 
207.                  185. 
305.5               273. 
133                   387. 

81.8 
151.2 
223. 
316. 

71. 

131. 

193.4 

274. 

9" 

~2A" 

3" 

3" 

2H" 
3" 
3" 
3H" 

5" 
6" 

8" 

910. 
1478. 
2160. 
3015. 

786.                  701. 
1280.                1142. 
1870.                1670. 
2610.                2335. 

574. 

933. 
1365. 
1905. 

498. 

808. 
1185. 
1650. 

3H" 

ZA" 

4" 
5" 

4" 

VA" 

5" 
6" 

9" 
10" 
12" 
14" 

4040. 

.5430. 

8.580. 

13000. 

3495.                3125. 
4700.                4200. 
7420.                6610. 
11230               10060. 

25.50. 
3430. 
.5430. 
8220. 

2215. 
2975. 
4700. 
7120. 

5" 
6" 

1" 

8" 

16" 
18" 
20" 

16050. 
21750. 
28500. 

13890               12100 
18820.              16820. 
24650.              22050. 

10130. 
13750. 
18000. 

8780. 
11900. 
1.5600. 

Table  11-8 — Continued 
C — }^-lb.  drop  in  pressure 


Pipe  sizes 

for  modulation  systems 

Length  of  ran  ii 

1  feet 

Pipe  sizes 

for  vacuum 

systems 

Return  (from  table 
11-4) 

Steam 
supply 

300' 

400'           SCO' 

7S0'         1000' 

Steam 
supply 

Return  (from  table 
U-S) 

Return 

Dry  ret. 
main 

Ra 

ings  in  pounds  of  steam  per  hour 

Horiz. 

h" 

H" 
1" 
1" 

Vert. 

H" 
1" 
1" 

1" 

IM" 

iVi" 

1" 

VA" 
iVi" 
1" 

14.18 
33.8 
53.3 

110.8 

12.28       10 
29.25       26 
4f).2         41 
96.            85 

98       8  95       7  75 

2  21.35     18.5 

3  .33.7      29.2 
8       70.3       60.7 

1" 

Wi" 

h" 
H" 
H" 
Vi" 

I'A" 

VA" 

2" 

2H" 
3" 

4" 

183. 
338. 
498 

707. 

158.6       142. 
292.5       262. 
432           386. 
(.12.          548. 

115.8     100.3 
213.5     185. 
5     315.        273. 
447.        387. 

SJi" 
3" 
3J^" 
4" 

V4" 
IV2" 

I" 

IH" 
IH" 

O" 

3" 
3" 

2^" 

3" 

3" 

5" 

6;' 

8" 

1285. 
2085. 
3050 
4260. 

1113.          997 
1808.        1620 
2645.        2365 
3690.       3300 

813.       704. 
1320.      1142. 
1930.      1670. 
2695.     2.335. 

5" 
6" 

8" 

■1" 

2A" 
.3" 

VA" 
2" 

9" 

2A" 

3}4" 
3K'" 
4" 
5" 

4" 

5" 
6" 

9" 
10" 
12" 
14" 

5720. 

7675. 
12130. 
18360. 

4945         4130 
6650.        .5950 
10.500.        9400 
15900.      U220 

.3610.     3125. 
48.50.     4200. 
7660.      6640 
11600.    10060. 

9" 
10" 
12" 
14" 

3" 

3'^" 

4" 

I  A" 

■2A"   . 
3" 

W2" 
4" 

5" 
6^' 

6" 
7" 
8" 

16" 
18" 
20" 

22620 
307.50 
40250 

19610.      17560 
26600       23800 
31850.      31200 

11310.    12100. 
19120     16820 
25120.   220.50. 

16" 
18" 
20" 

5" 
6" 
6" 

VA" 

5" 
5" 

D — I-lb.  drop  in  pressure 


Pipe  sizes 

■or  modulatio 
rom  table 

4) 

n  systems 

Steam 
supply 

Length  of  rut 

m  feet 

Pipe  sizes 

for  vacuum 

systems 

Return  if 
11 

300' 

400 

500' 

750' 

1000' 

Steam 
supply 

Return  ifrom  table 
11-5) 

Return 

Dry  ret. 

Ratings  ii 

1  pounds  of 

steam  per  hour 

Horiz. 

Vert. 

%" 

%" 

1" 

20 

2       17 

4         15. 

5       12.6. 

.       10.98 

1" 

H" 

A" 

M" 

1" 

VA" 

17 

8       41. 

4         37. 

30  2 

26.2 

VA" 

A" 

%" 

1" 

VA" 

VA" 

i.~, 

4       65. 

4         58 

3       47  6 

41.3 

VA" 

1" 

A" 

I" 

VA" 

157. 

136. 

121 

5       99. 
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The  total  (luanlilN  ol'slcain  to  be  supplied  por  hour  al  the  lime  of  maxi- 
mum normal  iicalin^i  clVcct  l)ciii<;  a  known  factor  and  the  total  maximum 
pressure  droj)  in  lii(>  heatin^;  system  heing  determined  for  this  period,  the 
pressure  drop  in  the  siip[)ly  main  must  be  so  cliosen  that  the  pressure  to  be 
carried  on  the  boiler  will  exceed  by  a  safe  margin  the  sum  total  of  nvsistances 
between  the  boiler  and  the  outlet  of  the  vent  valve. 

For  an  illustration,  assume  a  typical  modulation  system  which  requires 
500  lb.  of  steam  per  hour  for  maximum  normal  heating  effect.  The  length 
of  run  is  assumed  to  be  300  ft.  and  the  boiler  pressure  is  not  to  exceed 
1  2-11)-  gauge. 

To  iind  the  prt)per  size  of  supply  main  to  meet  these  conditions,  the 
pressure  drops  from  p  to  pe  as  described  in  the  discussion  of  pressure  drop 
in  modulation  systems.  Page  116.  must  be  determined,  before  the  permis- 
sible pressure  droj)  p?  in  the  supply  main  can  be  ascertained. 

During  maxinumi  normal  heating  effect  we  find  the  pressure  drop  from 
p  to  p 6  to  be  as  follows: 

p    =  constant  at  atmospheric  pressure  = 0.000-lb.  gauge 

p,  =  pressiu*e  drop  through  vent  check  valve  (intermittent 

at  that  period)  =  1/20  lb.  = 0.050  " 

p..  =  pressure  drop  through  vent  valve  orifice  (negligible  at 

that  time)  = 0.000  " 

Pj  =  pressure  drop  in  return  main.     Negligible  if  return  has 

proper  grade  = 0.000  " 

p,  =  pressure  droj)  through  orifice  of  radiator  trap,  which  for 
the  given  condition  wiU  be  the  maximum  tabular  value 
of  Vs  lb.= 0.125  "       " 

Pi  =  pressure  drop   through  radiator.      Negligible  at  that 

time  = .0.000  "       " 

ps  =  pressure  drop  through  radiator  valve  will  be  the  maxi- 
mum  tabular   value    for   the   given  period,   J^  lb.  =0.125 

Total  drop  p  to  pe  = 0.300  "       " 

The  pressure  to  be  carried  on  the  boiler    =  }4  lb 0.500 

Pressure  drop  p  to  pe  = 0.300 

Difference  of  pressure  available 0.200 

Bearing  in  mind  that  in  addition  to  the  jjressure  drop  Pt  in  the  supply 

main,  we  must  consider  also  the  pressure  drop  ps  to  impart  initial  velocity, 

we  readily  see  that  a  pressure  drop  of  ^i  lb.  in  the  supply  main  would  be 

unsafe  and  we,  therefore,  select  the  H-lh.  drop  in  the  supply  main  py  as  the 

basis  for  determining  the  size  of  pipe  recjuired. 

"We  find  l)y  referring  to  Tal)le  1 1-8  A  that  a  5-in.  main  is  necessary  to  suj)- 

ply  500  lb.  of  steam  w  ith  }4-^h.  drop  in  pressure  in  a  run  of  300  ft. 

We  now  have  to  determine  the  head  or  pressure  drop  pg  necessary  to 

impart  initial  velocity  to  the  steam. 

From  Tal)le  11-2,  we  find  S,  the  cubic  ft.  per  pound  of  steam  at  15.3 

lb.  al)solute  (assumed  boiler  pressure)  is  very  nearly  26.27. 

Converting  the  total  steam  required  in  pounds  per  hour  into  cubic 

feet  per  minute 
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500  X  26.27       13135       .,,„„  --,^         „ 

ZK =  —TFT-  =  218.9,  or,  sav,  219  cu.  ft. 

60  60 

By  referring  to  Table  11-2,  column  3,  we  find  the  linear  feet  per  ciil^ic 
foot  volume,  which  for  a  5-in.  pipe  is  7.22. 

-Multiplying  219  by  7.22  we  obtain  the  velocity  in  feet  per  minute  of 
the  steam  to  be * " 1582  ft. 

We  now  determine  the  pressure  droj)  ps  necessary  to  impart  initial 
velocity  and  by  referring  to  Table  11-1  we  iind  for  a2500-ft.  velocity,  a  pres- 
siu'e  droj)  of  0.01  lb.,  which  for  a  1582-ft.  velocity  would  be  approximately 
0.009  lb.  per  sq.  inch. 

The  total  pressure  drop  between  the  boiler  and  the  outlet  of  the  vent 
valve  then  becomes: 

Pressure  drop  p  -  pe  as  stated  before  = 0.300-lb.  gauge 

Pressure  drop  p:  in  main  J^g  lb.  =   0.125  " 

Pressure  drop  p,  to  impart  initial  velocity  = 0.009  " 

Total  pressure  drop    =    0.434-lb.  gauge 

We  find  an  effective  differential  in  pressure  between  the  boiler  pressure 
and  the  pressure  losses  in  the  sytem  of  0.500  —0.434  =  0.0661b.  gauge,  for 
maintaining  circulation  in  the  system  during  the  period  of  maximum 
heating  effect. 

This  proves  that  for  the  above  condition,  the  Vs"!'^-  drop  in  pressure  in 
Pt  is  the  proper  basis  for  selecting  the  table  to  be  used,  and  this  being  de- 
termined, the  intermediate  sizes  of  the  main  and  branches  are  taken  from  same. 

The  sizing  of  run-outs  requires  special  consideration  as  described  in 
detail  in  Chapter  12,  Critical  Velocities  in  Radiator  Run-outs. 

The  sizing  of  returns  involves  the  same  procedure  with  modulation 
systems  as  outlined  before  in  the  discussion  of  sizing  of  piping  for  vacuum 
systems.  The  size  of  the  return  depends  on  the  size  of  supply  for  an  equal 
duty.  By  referring  to  Tal)le  11-4,  we  find  that  the  size  of  return  correspond- 
ing to  a  5-in.  supply  main  is  2^4  in.,  which  is  tiie  size  we  select. 

Taking  care  of  the  condensation  in  the  steam  main  at  the  far  point  is 
often  found  necessary  in  modulation  systems  in  which  case  the  pipe  sizes 
must  be  increased  toward  the  end  of  the  run.  beyond  the  tabular  values,  to 
take  care  of  the  reduction  in  effective  area  of  the  pipe  due  to  the  condensa- 
tion being  carried  along  with  the  steam. 

A  further  reason  for  increasing  the  sizes  of  the  pipes  toward  the  end  of 
the  run  is  to  compensate  for  the  air  carried  along  with  the  steam  in  the  pipes, 
which,  if  not  properly  relieved,  will  retard  the  circulation  of  steam  to  a  great 
extent. 

Air  relief  connections  must  be  provided  at  the  ends  of  the  runs,  through 
thermostatically  actuated  return  traps  into  the  nearest  dry  return,  in  all 
cases  where  gravity  drips  are  made  into  a  wet  drip  line. 


(IIAPTEK  \11 

(iritical  Velocities  in  Radiator  Run-outs 

THE  velocity  in  a  nearly  horizonlal  pijx'  in  wliicii  the  coiHiciisalidri  is  lo 
be  drained  In  jiravity  in  tlie  opposite  direction  lo  tlie  How  oC  sleain 
above  it,  becomes  crilical.  Aviien  it  reaches  siicli  rate  that  any  velocity 
increase  will  cause  the  condensation  to  be  swept  upfiiade  against  jjravity. 
The  need  has  been  apjiarent  to  healin<i  cn<;ineers  of  dc^tinite  information 
reoardinii  this  critical  velocity  of  steam  in  branch  run-outs  to  radiation  in 
uhich  condensation  must  be  drained  in  a  direction  opposite  to  steam   Mow. 

Individual  opinion  based  on  experience  regarding  velocity  jKMinissible 
at  given  slope  w  ithout  danger  of  noise  due  to  surging,  varies  fully  300  per  cent. 

Many  modern  l)uildings  have  very  limited  s|)ace  in  which  to  run  pi])es 
between  the  finished  floor  and  the  main  beams  and  fire])roof  construction. 
There  are  many  valid  objections  to  exposing  the  run-outs  above  the  finished 
floors,  and  the  question  frequently  arises  as  to  tlie  proper  size  and  grade  for 
such  ])ipes  in  the  available  space  beneath  the  finished  floor. 

Fundamentally  the  size  of  pij)e  for  a  given  radiator  run-out  is  de- 
pendent on  the  maximum  ninnber  of  heat  units  to  be  conveyed  in  a  given  time. 
The  latent  heat  content  \wv  cubic  foot  of  steam  at  the  range  of  j)ressures  usual 
in  modern  "low-pressure""  heating  is  least  at  the  lower  pressures.  Denser 
steam  at  higher  pressures  undoubtedly  sets  u|)  greater  wave-forming  friction 
of  steam  over  surface  of  the  condensation  and  will  sweep  the  water  uj)  the 
slope  at  a  slightly  low  er  steam  velocity  than  that  at  w  hich  the  condensation 
will  flow  against  the  current  of  less  dense  steam.  These  facts  in  a  measure 
offset  each  other  and  the  small  error  in  the  final  result  w  ill  have  less  effect  on 
the  problem  than  the  inaccuracies  of  grade  liable  to  exist  despite  any  reason- 
able care  in  erection. 

In  an  endeavor  to  fix  the  critical  velocity,  a  carefully  conducted  series 
of  tests  has  been  made.  The  first  of  this  series  was  with  glass  tubes,  to 
determine  visually  just  what  took  place  when  steam  at  various  velocities 
passed  over  its  condensation  in  pipes  graded  against  the  steam  flow.  The 
result  of  this  series  was  very  instructive  in  determining  the  effect  of  velocity 
and  what  to  look  out  for  in  subsequent  tests.  The  second  tests  w ere  with 
commercial  pipe  of  1  in.,  II4  in.,  112  in-  and  2  in.  sizes,  each  18  ft.  long: 
each  pipe  being  tested  at  uniform  grades  of  J^  in.,  3^  in..  1  in.  and  1^  o  in. 
in  10  ft. 

It  was  found  that  the  difference  in  critical  velocity  in  the  various  sizes 
of  pipe  under  test  differed  less  at  the  same  slope  than  the  errors  incidental 
to  careful  observation.  In  consequence  of  the  fact  that  the  size  of  pipe  had 
no  direct  relation  to  critical  velocity,  only  one  size  was  tested  at  a  grade  of 
3  in.  in  10  ft.  to  complete  the  curve  of  velocity  at  slope. 

The  result  of  these  tests  upset  some  preconceived  theories  and  estab- 
lished some  facts  that  appear  to  be  fundamental.    These  established  facts  are: 

1.  That  the  size  of  the  pipe  has  no  visible  relation  to  the  critical  ve- 
locity, which  was  practically  the  same  in  all  sizes  tested. 
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2.  That  the  normal  vohinio  of  eondeiisatioii  in  a  covered  pipe  as  compared 
with  an  uncovered  pipe.liad  no  effect  on  the  critical  velocity.  In  fact,  increase 
in  condensation  up  to  the  ])oint  where  the  volume  of  water  limited  the  free 
area  for  steam  and  made  a  material  difference  in  velocity,  the  condensation 
continued  to  flow  as  with  normal  condensation. 

3.  That  greater  or  less  length  of  run  if  at  imiform  slope  makes  no  ma- 
terial difference.  The  controlling  velocity  is  that  in  the  first  foot  or  two  of 
pipe,  and  if  the  velocity  existing  there  is  above  critical,  it  will  sweep  the 
condensation  to  the  higli  end.  In  fact,  increase  in  condensation  up  to  the 
point  w here  the  volume  of  water  limited  the  free  area  for  steam  and  made  a 
material  difl'erence  in  velocity,  caused  no  change  in  flow  of  condensation. 

4.  That  the  direction  of  flow  in  the  vertical  suj)ply  riser  to  which  the 
run-out  is  connected,  will  have  a  slight  effect  on  the  critical  velocity  in  the 
run-out.  The  critical  velocity  is  lower  in  a  down-feed  than  in  an  up-feed 
riser.  This  is  due  to  the  change  in  direction  of  the  highest  velocity  steam 
striking  the  run-out  on  the  low  er  side  and  acting  on  the  condensation  w  Inch 
is  endeavoring  to  flow  in  the  opposite  direction. 

The  most  surprising  fact  demonstrated  during  these  tests  was  the  rap- 
idly diminishing  effect  of  a  slope  greater  than  1  in  120  on  critical  velocity, 
and  the  indication  from  the  curves  plotted  for  the  entire  series,  that  the 
critical  velocity  was  little,  if  any,  greater  at  slopes  of  more  than  1  in  40 
than  at  that  slope.  It  follow  s  from  the  al)ove  that  a  velocity  of  steam  w Inch 
will  sweep  up  the  condensation  in  a  i)ipe  having  a  grade  of  1  in.  say,  33 
will  sweep  the  condensation  upward  in  a  pipe  having  more  grade. 

The  practical  application  of  this  series  of  tests  must  take  local  conditions 
into  consideration. 

The  thermal  capacity  of  the  mass  of  iron  in  a  cold  radiator,  will  call 
for  a  large  volume  of  steam  during  the  heating-u|)  period,  and  at  the  same 
time  the  difference  in  pressure  at  the  two  ends  of  the  run-out  w  ill  be  greatest. 
Consequently  the  velocity  of  steam  through  the  run-out  w  ill  l)e  far  greater 


1    Pipe 
-Grade:  l-^'in   lO'o'.'  B.l.u.  per  Sec,  4.35 


Fig.  12-1.  lUustrating  greater  capacity  of  largest  possible  run-out  pipe  at  a  minimum  grade  compared 
with  that  of  smaller  pipe  at  much  greater  grade.  Tlie  capacity  of  2-in.  pipe  at  grade  of  's  in.  in  10  ft. 
is  greater  than  that  of  a  1-in.  pipe  at  l^g-in.  grade  in  10  ft.  in  the  ratio  of  7.20  to  l.'io.  Note  application 
in  limited  space  where  run-out  must  cross  structural  frame  beam 
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Fig.  12-2.     Critit;d  velocities  in  feet  per  minute,  of  low-pres.sure   steam   in    riidiMtur   run-ovits    at  various 

grades,  where  condensation  flows  down-grade  against  steam.     Specific  vnhiiiie  of  steam,  about   2h..i  cu. 

ft.  per  lb. 

during  initial  lieating-up  than  during  normal  maintenance. 

It  is  during  the  initial  heating-up  that  the  giu-ghng  and  hanunering  of 
condensation  in  run-outs  causes  most  complaint.  It  is  then  that  the  flou 
of  steam  is  most  lial)le  to  exceed  the  critical  velocity  and  sweep  the  con- 
densation up  into  the  vertical  riser  pipe  to  the  inlet  valve. 

It  would  be  possible  to  use  a  run-out  of  half  the  area  of  cross-section 
if  the  radiator  is  to  be  constantly  hot  during  the  heating  season  as  compared 
w  ith  area  of  run-out  at  same  grade  for  a  radiator  in  which  there  are  frequent 
alternations  of  heating  and  coohng.  Again,  there  are  many  installations  iii 
which  a  little  noise  during  the  heating-up  period  would  not  be  considered 
objectionable,  while  in  others  the  same  amount  and  kind  of  noise  would 
condemn  the  entire  heating  system.  No  fixed  rule  based  on  square  feet  of 
radiation  may  therefore  be  made  for  sizing  run-outs  in  which  the  condensa- 
tion is  normally  drained  against  the  flow  of  steam. 

A  few  things  are  evident  from  these  tests  and  a  numlter  must  be  left 
to  the  good  judgment  of  the  designer  of  the  system  luuler  consideration. 

Among  the  evident  things  are: 

1.  That  a  uniform  grade  approximating  1  in.  in  10  ft.  is  about  tht>  niaxi- 
nunn  usefid  limit.     That  a  |)i|)e  if  uniformly  graded  when  cold  is  liable  to 
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Fig.  12-3.  B.t.u.  per  second  conveyed  in  low-pressure  steam  through  radiator  run-outs  at  grades  which 
are  critical  where  condensation  flows  against  the  current  of  steam.  Critical  velocities  established  by  test 
and  as  shown  in  Figure  12-2. 

buckle  upward  in  the  middle  w  hen  hot  and  destroy  the  uniformity  of  grade. 

2.  That  the  most  constant  annoyance  will  occur  when  the  flow  of  steam, 
at  normal  maintenance  rate  exceeds  the  critical  velocity  for  the  grade  at 
which  the  run-out  is  laid. 

3.  That  where  noise  is  permissible  during  the  heating-up  period,  the 
run-out  should  be  sized  and  graded  so  as  not  to  exceed  the  critical  velocity 
during  any  normal  heat  maintenance.  If  so  sized  there  will  be  little  if  any 
noise  during  the  initial  period  when  condensation  is  being  swei)t  on  into  tlie 
radiator  by  a  velocity  materially  in  excess  of  about  1350  ft.  per  min.  There 
will,  however,  be  a  considerable  noise  as  the  heat  capacity  of  the  nietal  in 
the  radiator  becomes  satisfied  and  this  will  continue  diuing  the  time  the 
steam  flow  is  at  a  velocity  of  about  1350  ft.  per  min.  until  the  steam  flow  falls 
below  the  critical  velocity  at  the  grade  of  the  run-out. 

From  the  above  tests  certain  practical  conclusions  may  be  inferred. 

The  practice  in  sizing  run-outs  has  been  based  on  some  relation  to 
pressure  drop  or  the  friction  of  the  steam  in  the  pipe.  This  more  properly 
applies  to  mains  and  risers. 

The  pressure  drop  due  to  friction  in  any  normal  run-out,  when  velocity 
is  low  enough  to  permit  the  ciu-rent  of  condensation  to  flow  against  the 
steam,  is  less  than  .001  lb.  per  ft.,  therefore  so  slight  that  it  is  neghgible. 


It  would  he  nuicli  more  ronsistent  to  size  run-outs  on  basis  of  critical 
How  rallicr  than  on  pressure  drop. 

Tahles  1  and  2.  hased  on  the  following  assumptions,  may  prove  of 
interest: 

1.  That  a  sli<i;ht  noise  due  to  condensation  llowinf;:  into  tlie  radiator 
with  the  steam  durin<;-  the  heating-up  jx'riod  will  not  he  ol)jectional)le. 

2.  That  at  maintained  rale,  the  condensation  in  the  vertical  rise  pijx' 
nmst  also  How  hack  against  the  steam.  This  is  not  necessary  where  bottom 
of  the  inlet  to  the  radiator  is  at  a  higher  level  than  that  of  the  outlet. 

3.  That  the  radiation  during  maintenance  does  not  condense  at  a  rate 
in  excess  of  250  B.t.u.  per  sq.  ft.  i)er  hour. 

4.  That  there  will  be  a  uniform  grade  of  not  less  than  J58  in-  in  1^*  It- 
in  two-pipe  connection  and  I  in.  in  10  ft.  in  one-pipe  connection. 


Table  12-1.  I^un-outs  for  Two-pipe  Work  Having  Grade  of  Not  Less  Than  •'^  in.  in  10 
ft.  Radiator  Transmits  Not  More  Than  2,50  B.t.u.  per  S(j.  Ft.  per  Hour 
at  Maintained  Rate. 

Size  of  pipe _1^^ IM"       ^14" -" 

Maximum  radiation  on  pipe  in  sq.  ft. 


Horizontal  run-out  grade  ^s  in.  in   10  ft                                                            .   43  72  101  IT.'? 

Vertical  branch  and  valve 58  108  1 14  260 


Fig.  12-2.  Run-outs  for  One-pipe  Work  Having  (irade  of  Not  Less  Than  1  in.  in  10 
ft.  Radiator  Transmits  Not  More  Than  250  B.t.u.  per  Sq.  Ft.  per  Hour 
at  Maintained  Rate. 

Size  of  pipe  ...     1" 1}4," 1)4" 2^' 

Maximum  radiation  on  pipe  in  sq.  ft. 


Horizontal  run-out  fjrade  1  in.  in  10  ft  2.'i  .50  68  ll.") 

Vertical  branch  and  valve  3.1  ~o  100  170 


CHAPTER  XIII 

Vacuum  Pumps  and  Auxiliary  Equipment 

VACUUM  PUMPS  are  used: 
I.  To  remove  air  and  otiier  products  of  condensation  from  the  return 
main  Avliere  these  pnxhicts  cannot  he  expelled  to  atmosphere  hy  gravity 
or  internal  steam  jiressure  alone. 

2.  To  induce  circulation  l)y  reducing  the  pressure  in  the  return  main, 
thereby  increasing  the  pressure  differential. 

3.  To  assist  in  the  com])lete  disposal  of  the  products  of  condensation. 
Experience  indicates  two  successful  types  of  pump  for  this  service, 

namely,  reciprocating  steam-driven,  and  rotating  electric-driven.  The 
steam-driven  pump  has  efficiency  and  economy  in  its  favor  where  steam 
at  30-lb.  or  greater,  absolute  pressure,  is  continuously  available  and  the 
pump  exhaust  and  its  contained  heat  may  be  fully  utilized  in  the  system. 
The  electric-driven  pump  is  generally  most  efficient  where  exhaust  steam 
from  the  engines  and  other  sources  is  continuously  available  in  greater 
quantity  than  is  necessary  to  supply  the  heating  system;  in  other  words, 
where  the  exhaust  from  tlae  vacuum  pump  to  waste  would  be  a  loss.  The 
electric-driven  pump  is  also  preferable  w  here  the  available  live  steam  supply 
has  a  pressure  too  low  to  operate  a  steam-driven  pump. 

Many  rotating  pumps  in  which  both  air  and  water  were  handled  in 
one  chamber  have  deteriorated  very  rapidly  in  service,  largely  because  of 
the  grit  always  present  in  the  condensation.  Rotating  pum|)s  w  ith  one  pump 
chamber  handling  air  and  vapor  and  another  containing  a  centrifugal 
impeller  for  handling  the  water  have  proved  {practical. 

Many  variables  enter  the  problem  of  ascertaining  the  proper  size  of 
pump  for  a  given  heating  system.  In  the  final  analysis,  good  judgment 
based  on  wide  experience  in  a{)[)lying  a  tal)le  of  probable  pump  displace- 
ment is  of  far  greater  value  than  any  theoretical  fornuda. 

Even  for  a  close  apjjroximation.  it  is  necessary  to  know  enough  about 
the  heating  plan  in  addition  to  "the  square  feet  of  equivalent  radiation"  to 
be  able  to  estimate  the  probable  maxinuun  volumes  in  unit  of  time  of  both 
water  and  elastic  fluids  of  condensation,  necessary  degree  of  vacuum  at  the 
pumj)  and  discharge  head  against  which  condensation  must  be  delivered. 

The  volume  of  water-condensation  varies  in  different  installations  fully 
40  per  cent  per  square  foot  of  equivalent  direct  radiation.  The  volume  of 
elastic  fluids — air,  water,  vapor,  steam  and  gases  from  impurities — also 
varies  with  the  initial  and  terminal  jjressures,  with  the  efliciency  of  the 
radiator  traps,  w  ith  the  degree  of  ]>revention  of  inw  ard  leakage  of  air,  with 
the  ])rol)al)le  cooling  effect  in  the  return,  and  with  the  character  of  the  im- 
purities in  the  boiler-feed. 

Lifts  (see  Figure  13-1)  in  the  return  call  for  greater  terminal  vacuum 
with  consequent  greater  expansion  in  vohnne  of  the  elastic  fluids,  thus  calling 
for  greater  jiinnp  displacement .  They  should,  therefore,  be  avoided  if  possible. 

Discharge  head  on  recijirocating  pumps  handling  w  ater  and  air  has  the 

137 


,_ 

i«    -v 

densatlon  a 

pjspusis    " 
ojl.Amba     o 

COM 
OiO     -f 

c>i  i-i   — ■ 

—        i~        =:        CI     O  O  O 

rc      c-j      c]      — <    o  a\  02 

^     _;     ^     ^   ^  o  o 

o     o 

o 
o 

CO   c^ 

o  o 

o 

CI    (N 

d  c 

c 

pJBpUBJS      -; 

OVO     o 

in       o      -*       o^    o  -<  IC 

CO         « 

T?       VO 

o 
o 

a 

me  of  CO 
Traps 

3 

_3 

1 

•a 

" 

ions 
adiator 

alves 
rge  vol 

or  No. 

a  :  :  :  : 

n 

7^  "5 

— 

X 

1 

i3  S 

l:-J 

o    «     —  °                 "o, 

M>a>a>a>a>a>c 

t!  s  -? 

oxoxoxoxow 

o  o 

g-s 

'^  « 

1 1 

^  ft 

Standard 
atmosphere  at  fart 

25  sq.  ft. 

w-down  radiator  i 

near  vacuum  pum 

perature 

etums 

ated 

less  than  SOO  ft. 
,  have  Webster  Sy 

III 

3    O    3) 

r  2  c 
'"~  3* 
£;  a  ■- 

::::::::--:   1      o-     ,. 

ir 

:   ;  gl  S 

:    :    .  a    . 
■--22 
:  3  2  3  3 
•  -  =  X  .s 

11^ 

o-gi. 

~ 

a  g 

=    -O     03     -^     g 
O     CC     ^-    w     ^ 

^team  above 
Units  of  20  to 
Standard  serf 
Mo  d.scharge 

No  lifting  of 
Returns  insu 
Run  of  mains 
All  drip  point 

.Q 

3    OT   = 
3   .       . 

•-  S  C-- 
5f  S  1  ' 

:::::::     gSrS      .        . 

: 

c-c    C    c;  .t: 

t"  £■  =  5  g 

3  2  ^|  ^ 

9  0OC!=oOl.'5l-^ooooo  r 

i  "  s  »  .a" 

5S6q    w£ok 

O— MI^OSt-t-L'^in'T-^C-lC-lrti, 

£  fe  Ji  S  ffi      1 

= 

1  - 

.-Ha\t--»n«a\L';^c]oco 

—  OO^ONt^LOfNCC 

>-"% 

OOO^O^CCCOCOCO^- 

AjiDBdBD     o 

-^rH^W 

--000 

= 

o  o  o 

ajog 

-^ 

O  LO  O  O  O  i.'7  O  t-  CS  O  =  M  O  1-:  = 

3  O  O  O  I- 

t^  o  o 

L^5'^^oo^o^l-r--c^DL'^•rcom(^lC- 

—  —  0^  CC  1- 

1- 

•S  >C  LO 

S.   " 

aHOJJS 

Z 

(M  IM  C)  — 

-^^o  =  = 

c: 

o  o  o 

llg 

qjaosi 

o 

os'bcoeooc-ico      c 

S 

e-j  M    m 

^  CO  Ti-    -^    so  I--    "g*      vc 

^  f'  OM^ 

a 

r-o\Ov 

■ — ^^ — '          ■ — ^^ — ■ 

V v^ 

n 

^    ^      - 

~  ^  ^  ^ 

^ 

^  -   > 

0S'T'^^^-*O        c 

VO  ^O  VD  C-J 

o; 

CO  X  CO 

•^ 

CflJ3  O 

1 

-^.. *— V 

— ^. — ■  — .,. — 

n      y 

qjSnsi 

" 

i»^      \C      O      CO      cococ-iociooc-jsctb 

2'tic 

a 

C^JC^I        CO       CO       -^        '*'^^-\D^-^OO^r^O^O^ 

CI  C-l  CI     ^  ^  -* 

Oj3  g5 

1  (^ 

^    ^      ; 

^    ;    ;    ^ 

^           ^           ^            V 

^ 

;    ^    ;       i    ^    ; 

00     <N        C-J        CO        CO        ■^OTfvOVDC-l'.OiMClJO 

O  CJ  so     sC  0\0 

a°" 

111 

-^^ 

sO  r--  ^    ^  9v  9v 

>n 

t-ooooo^o 

■e     o    o 

o 

o  o  o    oo  o 

U0I)BJBd3S  IXV  10}  IfTIB;  Q1 

S 

cc  m    CO 

".    c^      CO      ^      iri      CO      -H      vc 

r-         CO      lO 

.— 

sD  L*^  t^     O  I"*  f— 1 

p3jmb3J  BaJB  jajB*  ■}}  -bg 

o  o    o 

.-H          I-i 

C^l        C-l     CO 

■^ 

uo  o  t-    as  o  cj 

iluBj  nado  oj 

■^ 

%=  ~^ 

^^;      ;        ;        ^     ^      ;        i^ 

^ 

^  ^ 

^ 

dSjBqosip  JO  3ZIS  ranuiniiM 

K 

^  1— 1  fM     C-)        t>l        W        IM        rt        rt 

m 

V-  V-  vC     I^  I^  CO 

janiBJjs 

■* 

is:^  . 

$S^S^,    ^3S;    ,    ^5^ 

^ 

~  ^  - 

2; 

(NC^CO«fOffO'*'*'^'<*miCO\Dt-- 

■ „ . . ■ ^. ■  ■ ^. ' . 

' —  — ■■ —  — -^ — 

' V ■          ^ 

— V- 

-^ 

amssajd  oiBdjs   qi-QOT 

". 

;          ; 

; 

; 

;  ;  ~ 

OJ  Si  J'OJ  JoiuaAoa  oinnDBA 

i  ^^  L^ 

-"  ^  -  ^  -  - 

^    iS! 

::?;  :^  ^ 

~ 

:^i^:^ ; ; ; 

pUB  .^iddns  mB3)s  jo  dzig 

■1      ^      ^ 

<        rt     (N 

C~l 

e^csie-j    coeoeo 

t-\o 

■     =     !5 

O        LO     — 

O  .C  -     "M  =  g 

jnoq  J9d 

CO        'M 

CO        vC     C-l 

noijBsoapnoo 

1 

^--  ^^^ 

o 

ooo   ooo 

:      lO    CO 

r^ 

CO  CO  CO     VO  o  o 

D0IlBS03pa03 

-i      " 

L 

CO     — 

'=^ 

japuniSo  J3JB^    *1     i^  ^    tr 

^ 

OCOO     ClTfi 

s 

1 

" 

"■ 

CI     (M 

effect  of  increasing  clearance  and  slip  and  thereby 
decreasing  the  effective  displacement. 

A  discharge  head  of  more  than  one  added 
atmospliere  on  recijnocating  pumps  is  best 
handled  by  separating  tiie  water  and  gases  and 
removing  them  independently  through 
two  separate  pumps. 

For  shp  in  reciprocating  wet-vacuum 
pumps  it  is  seldom  safe  to  allow  less  than 
^6  of  the  chsplacement.  although  a  newly 
packed  pump  may 
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show  nnich  less. 


Ui 
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Fig.  13-1.  Method  of  making  step-ups 
using  Webster  Series  20  Lift  Fittings. 
Pipes  between  lifts  must  grade  down- 
ward in  direction  of  arrows 


Systems  in  w  hicli  the  pressm-e  throughout  the 
supply  lines  and  radiation  as  well  as  in  tlie  re- 
tiu-ns'is  normally  less  than  that  of  the  atmos- 
phere are  subject  to  invisible  inleakage  of  air 
^  around  the  valves  and  fittings.  Such  systems 
require  increased  displacement  also,  because  of 
the  greater  volume  of  elastic  thiids  due  to  low  terminal  pressure  necessary 
for  circulation. 

Cooling  and  consequent  reduction  in  volume  of  the  elastic  fluids  in 
the  return  present  an  element  of  considerable  magnitude  and  uncertainty. 

Well-insulated  return  pipes,  also  large  volumes  of  condensation  entering 
the  main  return  close  to  the  vacuum  pump,  require  greater  dis])lacement 
than  would  the  same  radiation  with  retimis  in  which  a  considcrai)lc  portion 
of  the  vapors  could  condense  l)etwcen  the  radiation  and  the  piim|). 

Clearance  reduces  effective  displacement  in  all  piunps.  The  tit  arance 
for  a  given  cyhnder  diameter  in  reci{)rocating  piunps  of  some  makes  is  ap- 
proximately the  same  in  short-stroke  as  in  long-stroke  pumps.  Commercial 
sizes  of  reciprocating  vacuum  |)um{)s  vary  in  ratio  of  bore  to  stroke  betw  een 
1  to  31  and  1  to  2:  it  foUows  tliat  a  pump'of  the  latter  proportion  has  greater 
efficiency  per  displacement  than  the  short-stroke  pump  l)ecause  of  smaller 
percentage  of  clearance. 

Experience  with  reciprocating  steam-driven  vacuimi  inunps  indicates 
that  for  most  favorable  conditions  the  use  of  water  cyhnders  of  less  dis- 
placement than  eight  times  the  normal  volume  of  water  of  condensation  is 
seldom  safe.  With  radiation  divided  into  small  units,  a  ratio  of  at  least 
10  to  1  will  be  required. 

Ratings  for  the  rotating  coml)ination  units  should  lie  based  substan- 
tially on  a  10  to  1  ratio  of  the  coniblncHl  dLsplacement  of  water  and  air  cylin- 
ders, the  ratio  of  these  cylinders  to  each  other  being  about  2  of  water  chs- 
placement to  8  of  air.  In  these  pumps  the  displacement  of  Avater  must  be 
high  on  account  of  the  constant  speed,  while  a  lower  proportion  of  air  dis- 
placement may  be  taken  because  of  the  high  efhciency  of  the  air  chamlier 
as  compared  w  ith  reciprocating  pump  cyhnders  w  hich  have  greater  clearance. 

The  speed  and  displacement  in  rotating  pumps  are  nonnally  constant, 
unless  expensive  variable  speed  motors  are  used,  whereas  in  reciprocating 


stoam-driven  i)uini)s  i)ist(»u  speed  may  be  varied  tlirou<i;h  wide  raiif^e. 
Th(>  temptation  to  gain  displacement  by  excessive  piston  speed  witliont 
regard  to  tlie  consequent  racking  of  the  j)unip  Ix'cause  of  too  frequent 
starting  and  stop|)ing  of  pistons  and  valves,  should  be  avoided  by  adhering 
to  a  definite  relation  between  piston  speed  and  length  of  stroke.  This 
relation  as  used  for  the  calculation  of  basic  ratings  expressed  in  colunm  2. 
Table  13-1  is  that  the  ])ermissil)l(>  piston  speed  in  feet  per  mimite  equals 
20  times  the  square  root  of  the  stroke  in  inches.  These  ratings  are  calcu- 
lated for  ])unips  having  equal  stroke  and  bore  l)ut  they  may  be  assigned  to 
other  pumps  as  ^vill  be  explained  later.  The  relation  between  the  volume 
of  the  cylinder  and  that  of  the  water  discharg(>d  per  stroke  is  iigured  as 
ten  to  one.    Slip  is  assumed  to  be  one-sixth  of  the  total  stroke. 

The  following  exam])le  will  fully  explain  the  method  of  calculations 
for  column  2. 

Selecting  from  column  1,  a  pump  having  l-in.  stroke  and  1-in.  bore, 
the  area  of  its  cylinder  is  4  x  I  x  0.7854  ^    12. .568  sq.  in.,  or  0.0873  sq.  ft. 

The  piston  speed  is  20  x  \  4  =  40  ft.  per  niin.,  or  2400  ft.  per  hr. 

The  gross  displacement  is  therefore  0.0873  x  2400  ^  209.52  cu.  ft.  per 
hr.,  of  which  the  gross  water  displacement  is  one-tenth,  or  20.95  cu.  ft.  per  hr. 

Since  the  condensation  will  weigh  60  lb.  ])er  cu.  ft.  at  about  200  deg. 
fahr..  the  gross  water  displacement  may  be  expressed  as  20.95  x  60  ^  1257 
lb.  per  hr.  This  must  he  reduced  one-sixth  because  of  shp,  or  to  1047  lb. 
of  condensation  per  hr.  as  a  basic  rating  for  this  punij). 

Taking  the  average  B.t.u.  per  pound  of  condensation  as  970.  the  basic 
rating  for  the  same  pump  may  also  be  expressed  as  1,015,600  B.t.u.  per  hr. 

Ratings  for  vacuum  pumps  are  properly  expressed  only  in  tenns  of 
pounds  of  w  ater  condensed  by  the  heating  system  in  a  given  period  of  time, 
or  the  equivalent  latent  heat  in  B.t.u.  given  up  by  the  steam  while  con- 
densing. Ratings  in  terms  of  ""  square  feet  of  direct  radiation  "  are  not 
strictly  correct  and  may  be  misleading  since  there  is  not  recognition  of 
steam  pressures,  temperature  difference,  and  other  factors  entering  the 
problem.  However,  for  convenient  use.  factors  are  shown  at  the  lower  left 
of  Table  13-1  for  reduction  of  square  feet  of  various  types  of  radiation  to 
pounds  of  condensation  per  hour  which  w ill  give  approximate  results. 

Since  many  vacuum  pumps  may  have  unequal  stroke  and  bore,  the 
capacity  factors  in  colunm  12  are  provided  to  show  the  relative  effective- 
ness of  such  j)umps  as  compared  with  "square"  pumps  having  same  bore 
and  equal  stroke.  Column  11  shows  relative  proportions  of  "unequal" 
pum])s  in  terms  of  stroke  divided  liy  liore.  The  corresponding  factor  for  a 
pump  of  any  selected  relation  of  stroke  to  bore  is  found  directly  across  in 
column  12. 

These  factors  provide  means  for  selection  of  stock  size  pumps  where 
the  rate  of  condensation  to  be  handled  is  intermediate  between  basic  rates 
for  "square"  pumps  stated  in  colunm  2. 

For  instance,  assume  a  condensation  rate  of  15,000  lb.  per  hr.  To  hnd 
the  proper  size  of  pump,  select  the  diameter  of  bore  in  column  1  correspond- 
ing to  the  basic  rate  in  column  2  nearest  equal  to  the  required  rate.  This 


basic  rate  is  16.300  II).  per  hr.  and  tlie  bore  is  l2-in.  Then  find  tlie  factor 
in  colnnui  12  etjual  to  the  quotient  of  required  rate  divided  by  the  basic 
rate  for  the  12-in.  pump.  Tiiis  quotient  is  0.92  and  the  nearest  equivalent 
factor  in  cohunn  12  is  0.91.  The  correspondinjj-  figure  in  column  11  is  0.80 
which  is  the  decimal  relation  of  stroke  divided  by  bore. 

Multiply  tiie  bore  (12-in.)  by  the  factor  (0.80)  and  it  is  found  that  the 
stroke  should  be  9.6-in.  The  nearest  equivalent  stock  size  of  pump  has 
10-in.  stroke  and  therefore  a  12-in.  x  10-in.  pump  is  selected. 

Where  the  result  of  such  a  calculation  does  not  fit  obtainable  stock 
sizes,  select  a  stock  ])ump  of  some  otlier  diameter  and  stroke  which,  when 
factored  by  use  of  column  12.  will  o-ive  a  rating  at  least  equal  to  that  required. 

Another  problem  is  that  of  linding  the  basic  rating  for  any  given  pump 
of  unequal  stroke  and  bore:  for  instance,  one  having  1-in.  bore  and  6-in. 
stroke. 

The  relation  of  stroke  to  bore  is  6  divided  by  4  or  1.5.  Finding  the 
number  1.5  in  cohnnn  11  it  is  noted  that  the  corresponding  factor  in  colunm 
12  is  1.19.  Multiplying  1.19  by  1047,  which  is  the  basic  rating  for  a  4-in. 
X  4-in.  pump  from  colunm  2,  the  product  gives  1246  lb.  of  condensation 
per  hr.  as  the  basic  rating  for  this  4-in.  x  6-in.  pump. 

It  is  to  be  specially  noted  that  the  basic  ratings  shown  in  column  2 
are  calcidated  and  shown  for  the  standard  conditions  of  operation  stated  in 
the  uj>per  right  of  the  tal)le.  Other  actual  or  expected  conditions  of  opera- 
tion can  he  transformed  to  terms  of  standard.  Where  the  B.t.u.  to  be 
emitted  are  individually  calculated  for  each  group  of  like  class  and  size  of 
radiation,  these  quantities  may  be  multiplied  by  the  factors  in  colunm  13 
or  divided  by  those  in  cohnnn  1 1.  The  sum  of  these  factored  quantities  will  be 
the  basic  rating  (colunm  2)  from  which  the  size  of  water  cylinder  is  selected. 

Under  conditions  requiring  lift  |)oints  in  the  return:  or  where  there  is 
inleakage  around  inlet  valves  or  elsewhere;  or  where  large  volumes  of  high 
temperature  returns  enter  near  the  pump;  or  if  the  run  of  piping  from  somce 
of  steam  supply  to  farthest  radiator  is  long;  or  where  the  radiator  tra])s  leak 
steam;  additional  factors  nuist  be  applied  to  insure  the  proper  size  of  pump. 
These  factors  cannot  be  sununarized  since  their  selection  is  entirely  a  matter 
of  judgment  and  of  experience  with  similar  conditions. 

Colunm  4  shows  the  minimum  size  for  return  main  entering  pump. 
These  sizes  are  based  upon  a  grade  in  the  piping  of  1  ft.  in  300  toward  the 
pump  and  upon  a  condition  where  the  return  pipe  is  half-full  of  water  and 
will  then  discharge  condensation  by  gravity  at  rates  not  less  than  the  basic 
rates  in  column  2.  For  these  calculations,  the  Chezy  fornuila  Q  =  a  c  V  r  s 
is  used,  in  which  Q  is  the  quantity  discharged,  a  is  the  cross-sectional  area 
of  the  pipe,  r  is  the  hydraulic  radius,  s  is  the  hydraulic  slope  of  the  pipe 
and  c  is  a  coefficient. 

The  size  of  returns  inlet  from  column  4  will  also  determine  the  size  of 
suction  strainer  which  is  to  he  used  in  this  main  at  the  [)unip. 

Colunm  5  is  calculated  from  the  same  formula  to  determine  the  mini- 
mum size  of  pump  discharge  and  delivery  pijjc  from  pump  to  air-separating 
tank.  In  this  case  the  pipe  is  considered  to  be  half-full  of  water  and  its 
grade  is  1  in.  in  20  ft. 

141 


For  purposes  ol"  (Ictcrmiiiiiiji  llic  proper  size  ol"  ;iir  scparaliii^r  tank  to 
apply  for  a  jrivcii  rale  of  coridcMisalioti  discharge  Irorn  piiiiip.  (he  assnriiptioii 
is  made  from  (ield  cxpericiiccs  llial  I  s(j.  ft.  of  liln'raliii;;  surface  should  l)e 
provided  under  average  conditions  for  eacii  210(1  Ih.  of  water  discharjied 
per  hour.  Column  6  of  Table  1  shows  the  number  of  stpiare  feel  of  liberat- 
ing surface  retpiired  for  tlie  basic  dischar<;e  ratini^s  in  colunm  2. 

Where  the  lank  is  used  only  for  air-separating  ])urposes  such  as  plain 
tanks  and  hydro-pneumatic  tanks,  the  sizes  of  tanks  may  be  designed 
directly  from  the  ligures  in  colunm  6.  Dimensions  of  tanks  following  this 
design  are  shown  in  colunnis  7  and  8. 

In  cases  where  the  lank  is  used  for  storage  of  returns,  the  lank  should 
be  larger  than  that  required  for  purj^oses  of  air-separation  only.  Colunms 
9  and  10  show  dimensions  of  such  tanks  based  upon  storing  the  quantities 
of  water  which  will  be  discharged  during  five  minutes  at  tlie  basic  hourly 
rates  shown  in  column  2. 

As  an  example  of  the  complete  calculations  for  sizing  I  he  water  end  of 
a  vacuum  pump  and  for  selecting  size  of  auxiliary  equipment,  assume  a 
group  of  three  buildings,  A.  B  and  C,  from  which  condensation  flows  at 
rates  of  7500,  5000  and  3000  lb.  per  hr.  respectively. 

Also  assume  that  the  7500  lb.  per  hr.  of  condensation  in  building  \  is 
from  blast  coils  and  a  closed  heater:  that  the  5000  lb.  per  hr.  from  Iniilding 
B  is  from  ])ipe  coils,  each  containing  130  sq.  ft.;  that  the  3500  lb.  per  hr. 
from  Iniilding  C  is  from  direct  radiators  in  50  sq.  ft.  units:  that  return 
mains  are  exposed;  and  that  it  is  proposed  to  use  a  plain  type  of  air  sejja- 
rating  tank. 

These  condensation  rates  must  be  transformed  to  those  which  would 
be  realized  under  the  standard  conditions  upon  w  liich  this  table  is  based,  by 
means  of  the  factors  in  colunm  13.  using  0.66  for  blower  stacks  and  closed 
heater,  0.70  for  coils  larger  than  120  sq.  ft.  and  0.81  for  radiator  units  of 
50  sq.  ft.  By  applying  these  factors  the  equivalent  condensation  rates  are 
found  to  be  4950.  3500  and  2940  lb.  per  hr.  for  building  A.  B  and  C  re- 
spectively or  11.390  ll).])er  hr.  for  the  transformed  etphvalent  total  rale. 

From  column  2.  the  nearest  liasic  rate  is  10.350  lb.  per  hr.  and  from 
colunm  1.  the  corresponding  diameter  of  bore  for  this  pump  is  10-in. 

\i\  dividing  the  required  rate  11.390  by  the  basic  rate  10.350,  the 
capacity  factor  is  found  to  be  1.10.  Going  into  the  table  it  is  found  that 
1.10  in  column  12  corresponds  with  a  relation  of  stroke  to  bore  of  1.25 
(column  11).  Multiplying  1.25  by  10  in.  (the  bore)  gives  12.5  in.  as  the 
recjuired  stroke.  The  nearest  stock  size  is  12-in.  stroke  so  that  a  pump 
having  10-in.  bore  by  12-in.  stroke  is  selected. 

From  colunms  i  and  5,  the  minimum  requirements  for  size  of  retm-ns 
inlet  and  discharge  for  this  pump  are  found  to  be  4  in.  and  2^  ■?  iii-  respec- 
tively. If  the  return  main  is  long,  it  is  better  to  select  5-in.  as  the  minimm 
size  of  return  inlet,  since  43/2-in.  is  not  a  regular  stock  size  for  pipe  and 
fittings.  The  suction  strainer  will  be  the  same  size  as  the  return  main 
entering  the  pump. 

Selecting  from  colunms  7  and  8,  the  size  of  [tiain  air-se[)araling  lank  is 
18-in.  diameter  bv  18-in.  length. 


Proportiomng  of  Steam  Ends  of  Reciprocating  Vacuum  Pumps: 
III  proportioning  the  steam  cylinder,  the  following  is  a  safe  rule  to  use. 
The  area  of  the  steam  cylinder  in  square  inches  limes  one-third  the  boiler  pres- 
sure should  equal  the  water  piston  area  in  square  inches,  multiplied  by  the 
combined  pressure  on  the  water  end  (vacuum  plus  discharge  pressure)  expressed 
in  pounds  per  scpiare  inch.    This  is  given  by  the  following  equation: 

A,x|''  =  A.  x(|+P<,) 
From  which  we  have 

AwX  (^+P<i)  X3 

-^  = — {Formula  13-1) 

Pb 

in  which 

As  =  area  of  steam  piston  in  square  inches. 
A^  =  area  of  water  piston  in  square  inches. 
Pb  =  lioiler  pressure  in  pomids  per  square  inch. 
Pd  =  discharge  pressure  in  pounds  per  square  inch. 
V    =  vacuum  at  pump  expressed  in  inches  of  mercurv. 

V 

-^=  approximate  vacuum  in  pounds  per  square  inch  (2  in.  mercury  = 

approximately  1  lb.  per  sq.  in.) 

Aofe;  .4//  pressures  are  6y  gauge. 

In  the  above  formula,  the  working  pressiu-e  is  taken  as  one-third  of 
the  boiler  pressure,  in  order  to  allow  for  the  low  mechanical  efficiency  of 
the  puni}).  as  well  as  for  the  inevitable  drop  in  steam  pressure  between  the 
boiler  and  the  inlet  of  the  pump.  Carelessness  in  setting  up  the  packing 
in  the  water-and-air  piston  is  prevalent  and  to  be  expected.  It  is  also 
necessary  for  the  pump  to  keep  going  even  when  the  boiler  pressure  may 
be  considerably  lower  than  the  normal  working  pressure. 

While  in  some  cases  this  formula  may  give  dimensions  which  appear 
to  be  larger  than  necessar\%  it  is  seldom  safe  to  make  the  area  of  the  steam 
cylinder  less  than  twice  the  area  of  the  water-and-air  cyhnder. 

Column  3  of  Table  13-1  shows  sizes  of  steam  supply  and  of  vacuum 
governor,  for  boiler  2:)ressure  of  75  to  125  lb.  per  sq.  in. 

PowER-DRiVEX  RECIPROCATING  Vacuum  Pumps  :  Lack  of  available 
steam  pressure  to  operate  the  piston  in  reciprocating  vacuum  pumps  requires 
that  some  other  source  of  power  must  occasionally  be  utilized.  Where  this 
is  the  case,  a  reciprocating  pump  is  in  many  cases  unsuitable  because  of  the 
difficulty  in  handling  the  varying  load  during  each  stroke  and  because  no 
satisfactory  means  for  controlling  the  displacement  to  maintain  the  desired 
degree  of  vacuum  has  yet  been  devised  for  this  type  of  pump. 

To  move  the  reciprocating  piston  in  the  water  cylinder  by  means  of  a 
connecting  rod  and  crank,  the  latter  necessarily  rotating  at  low  speed, 
entails  gearing  or  an  extremely  large  pulley  and  couiitershafting.  Inasmuch 
as  the  torque  varies  from  almost  nothing  at  the  ends  of  the  stroke  to  a  high 
maximum  at  about  three-fourths  stroke,  back-lash,  noise  and  wear  of  gears 


or  slappiiiji  and  sli|)  of  hells  arc  to  Ix'  expected  unless  a  lica\  \  II\-\nIicc1  is 
used,  and  in  any  instance;  llie  power  consumption  is  excessive. 

\  atial)le-speed  motors  are  sonielinies  utilized  for  driving,  hul  are 
expensive,  and  ^ive  only  two  or  three  ste|)s  of  displacement,  which  must  he 
selected  either  manually  or  by  complicated  delicate  electrical  controllers. 

There  is  nothinfj  Lo  commend  in  intermit t(>nt  control.  Constant  speed 
and  displacenuMit  with  a  vacuum  breaker  to  admit  air  when  the  l(jad  is 
below  normal  is  probably  nearest  to  a  satisfactory  arrangement  where 
power-driven  reciprocating  vacuum  pumps  are  used. 

Disposal  of  Yacitm  Pimp  Discharge:  Conditions  vary  to  such  an 
extent  that  good  judgment  is  the  only  safe  guide  in  determining  the  best 
method  for  the  disposal  of  the  vacuum  pump  discharge.  In  no  case  should 
the  head  against  the  discharge  of  reciprocating  pumps  exceed  15  lb. 
unless  the  pump  stroke  materially  exceeds  the  bore  and  thus  reduces  tlie 
bad  effect  of  clearance.     Usually  one  of  these  seven  methods  w  ill  best  a|)ply  : 

1.  Di.schanje  to  ]\asle:  Disposal  by  discharge  to  waste  involves  loss  of 
all  the  valuable  heat  and  water,  but  in  rare  cases  this  is  permissible. 

2.  Dischimje  throiujh  Air-separaling  Tanks:  Where  iirst  thought  seems 
to  suggest  disposal  to  waste,  it  will  ni  many  cases  be  fountl  j)Ossible  to 
deliver  the  water  and  air  into  a  separating  tank,  or  stand  pipe  sufficiently 
elevated  for  the  water,  after  separation,  to  flow  by  gravity  to  some  point  of 
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Fig.  13-2.     Method  of  connecting  vacinim  pump  to  a  plain  rfiii\ing  tank 


valuable  use.  such  as  boiler  or  feed-water  heater,  etc.,  or  for  hot  water  supply. 

Where,  due  to  structural  conditions,  a  suitable  elevated  location  cannot 
be  found,  the  effect  of  head  may  be  obtained  by  use  of  a  hydro-pneumatic 
tank  as  described  under  heading  Xo.  1. 

3.  Discharge  to  Open  ]etit  Tanks:  Open  vent  tanks,  otherwise  called 
plain  separating  tanks,  normally  serve  the  purpose  of  releasing  the  entrained 
air  from  the  discharge  of  the  vacuum  pump.     (See  Figure  13-2.) 

Tliis  air  removal  requires  the  generous  water  surface  area  of  either  a 
tank  of  large  horizontal  cross-section,  rather  than  one  of  large  vertical 
sectional  area,  or  a  tank  with  a  large  vertical  head  and  enough  sectional 
area  to  permit  of  low-velocity  downward  water  flow  while  entrained  air  is 
floating  to  the  surface  against  the  water  current,  as  in  a  stand  pipe.  For 
removal  of  air.  one  square  foot  of  horizontal  cross-section  has  usually  been 
found  sufficient  for  each  2100  lb.  of  water  per  hour.  A  stand  pipe,  with 
diameter  equal  to  that  of  the  pump  cylinder,  is  usually  sufficient,  although 
a  more  logical  rule  is  to  make  the  cross-sectional  area  of  the  stand  pipe 
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F"ig.  13-3.   Typical  application  of  Webster  Water-control  ReceiWng  Tank  in  connection  with  an  open  feed- 
water  heater.   The  heater  should  be  set  on  a  foundation  of  sufficient  height  (a  vertical  rise  of  not  less  than 
three  feet)  between  the  pump  outlet  of  the  heater  and  the  suction  valves  of  the  boiler-feed  pump 
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bear  some  direct  relation  to  tlie  ainounl  of  eondensation  from  \vlii(h  the  air 
is  to  he  separated,  and  to  llie  heifihl  of  eohnnn  of  water  Ihroufih  which  the 
air  hul)l)Ies  must  rise  ajiaitist  the  How  of  liquid. 

The  fact  that  the  discharge  of  reciprocating  \\et-\acinnn  piinijjs  is  a 
mixture  of  water  and  air  favors  the  use  of  a  freely  vented  separating  tank 
wlierever  a  suital)le  location  may  be  obtained.  This  is  such  heiglit  that. 
the  ])ressure  produced  by  the  water  column  will  be  sutlicient  to  overcome 
that  in  the  low-i)ressure  boiler,  feed-water  heater  (see  Figure  13-3),  or 
other  point  of  disposition. 

The  elFective  column  or  head  between  the  pump-discharge  valve  and 
the  inlet  of  the  separating  tank  will  be  less  than  that  of  solid  water  by  the 
volume  of  air  contained  in  the  mixture.  The  contents  in  separating  tank 
and  discharge  pipe  therefrom  will  be  water  only.  It  is,  therefore,  jiossible 
with  ])ump  discharge  properly  proportioned  and  provided  with  lift  littings, 
vertical  rise  pipe  to  tank,  etc.,  to  obtain  a  gravity  head  in  the  tank  discharge 
above  the  level  of  the  pump  valve  deck,  considerably  greater  than  the  j)res- 

Vent  lo  Almospher 


Automatic  Air  Vent  Valve 


To  Drain  unobstructed 
Funnel 


Return  to  Boiler 


Connection  from  Low  Pressure 
Steam  Main  to  Steam  Gauoe 


WEBSTER 
SUCTION  STRAINER 
SYLPHON 


-Vacuum  Pump  Oischaroe 


WEBSTER  LIFT   FITTINGS 


Fig.  13-4.    Method  of  connecting  geared-type  vacuum  pump  and 
W' ebster  Single-control  Hydro-pneumatic  Tank 


sure  in  the  pump  cylinder  necessan'  to  lift  the  valves  and  discharge  the  con- 
densation to  the  elevated  return  tank. 

4.  Discharge  to  Hydro-pneumalic  Tanks:  As  the  name  indicates,  hydro- 
pneumatic  tanks  bring  the  elastic  pressure  of  the  liberated  air  to  act  on 
and  supplement  the  head,  in  the  discharge  of  the  water  of  condensation. 
A  float-controlled  valve  is  placed  on  the  air  outlet  of  the  separating  tank, 
and  so  arranged  that  -when  the  water  of  condensation  has  not  sufficient 
head  to  flow  by  gravity  to  the  point  of  use,  the  air  will  be  confined  in  upper 
part  of  tank.  As  the  pump  continues  to  deliver  w  ater  and  air  to  the  tank 
(see  Figure  13-4)  the  pressure  inside  the  tank  increases  until  sufficient  to 
discharge  the  water,  thus  low  ering  the  w  ater  line  and  eventually  permitting 
escape  of  the  surplus  air  through  tlie  float-controlled  air  valve. 

The  discharge  of  condensation  to  low-pressure  boilers,  in  which  the  pres- 
sure may  at  times  be  less  than  that  of  the  atmosphere,  requires  another 
float  in  the  hydro-pneumatic  tank  (see  Figure  13-5)  to  control  the  valve 
on  the  tank  w  ater  discharge  and  keep  this  pipe  closed  at  such  times  as  there 
might  be  danger  of  air  flowing  from  the  tank  to  the  boiler. 

The  hydro-pneumatic  type  of  tank  is  used  only  where  an  open  tank 
cannot  be  located  at  a  lieight  sufilcient  to  provide  gravity  head  to  discharge 
the  tank  contents  against  the  maximum  pressure  in  the  heater  or  boiler,  or 
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where  there  are  lar^e  variations  l)etween  tlie  maxiimim  and  iniiiimiim  j)res- 
sures  to  l)e  overcome.  Wliere  the  h\(h()-piienniatie  lank  is  used  merely  as 
a  substitute  for  an  open  separatinj,^  lank,  little  advantajie  may  l)e  taken  of 
the  lifiht  density  of  the  pump  diseharjic 

The  confined  air  pressure  in  the  hydro-pneumatic  lank  j)lus  tiie  fi:ravity 
head  in  the  tank  discharjic  j)ipe  nuist  he  sullicienl  to  cause  flow  to  the  place 
of  dis[)osition.  This  conlined  air  pressure  plus  the  colunm  of  mixed  air  and 
water  in  the  pump  discharge  to  the  tank  is  the  total  head  against  which 
the  pump  must  act. 

Where  pressure  on  the  heater,  boiler,  etc.,  varies  materially  from  lime 
to  time,  but  in  general  is  near  the  miniminn,  a  substantial  saving  in  energy 
may  be  obtained  by  using  a  hydro-pneumatic  tank  instead  of  a  plain  tank 
set  at  higher  elevation  to  overcome  the  peak  pressure  in  the  boiler  or  heater. 
The  use  of  a  plain  tank  under  these  conditions  keeps  the  pump  operating 
constantly  against  the  maximmn  head,  where  a  hydro-pneumatic  tank  set 
lower  operates  as  a  plain  tank  whenever  the  gravity  head  in  the  tank  is 
suflicient  to  cause  How  at  the  low  elevation,  and  employs  the  combination 
of  air  pressure  and  gravity  head  (with  air  vent  closed)  only  at  times  of  peak 
load.    Only  then  is  the  air  pressure  load  added  to  the  pump  discharge. 

.5.  Discharge  to  Loop  Seal  on  Tank  Outlet  to  Heater  or  Boiler:  The  dis- 
posal of  water  of  condensation  from  a  return  tank  to  a  feed  heater  (see 
Figure  13-3),  boiler  or  other  receptacle,  in  which  there  may  be  greater  pres- 
sure than  that  of  the  atmosphere,  requires  guarding  against  back  flow  of 
steam,  air  or  whatever  other  elastic  fluid  may  be  present  at  the  outlet. 

A  loop  seal  has  been  found  most  suitable  for  this  purpose,  provided  the 
seal  is  made  long  and  contains  ample  volume  in  the  vertical  leg  on  the 
pressure  side.  A  variable  pressure  when  increasing  tends  to  force  the  level 
of  water  down  in  the  leg  on  the  pressure  side  and  up  in  the  leg  tow ard  the 
tank.  If  there  is  not  sufficient  water  in  the  loop,  the  water  will  become 
displaced,  and  the  seal  broken  before  enough  of  a  water  column  has  been 
built  up  in  the  leg  from  the  tank.  The  column  w  ill  then  blow  into  the  return 
tank  and  the  steam  or  other  elastic  fluid  will  continue  to  blow  while  its 
pressure  is  above  that  at  the  tank  outlet. 

The  fact  that  water  in  the  tank  is  ready  to  seal  the  loop  below  will 
not  avail  as  long  as  there  is  a  difference  in  pressure  between  the  tank  and 
boiler  sufficient  to  blow  a  comparatively  short  slug  of  water  back  into  tank. 
The  only  way  to  restore  the  seal  is  first  to  equalize  the  pressure  on  both 
legs.  A  good  practice  is  to  proportion  the  leg  on  the  pressure  side  to  hold 
twice  the  contents  of  the  pipe  from  the  tank  to  tlie  bottom  of  the  seal. 

6.  Discharge  to  Receiver  and  Boiler-feed  or  Tank  Pump:  Where  the  head 
on  the  delivery  side  of  steam-driven  vacuum  pumps  exceeds  15  lb.,  it 
is  good  practice  to  deliver  the  condensation  to  a  vented  receiver  (see  Figure 
13-6)  located  close  to  the  level  of  the  vacuum-pump  outlet.  This  receiver 
should  be  connected  to  a  separate  steam  or  power-driven  water  pump  which 
is  capable  of  delivering  against  the  maximum  head.  (See  Figure  13-7.)  If  this 
pump  is  steam-driven,  its  displacement  should  be  controlled  by  a  throttle 
valve,  actuated  by  the  water  line  in  the  receiving  tank;  if  power-driven,  the 
eflfective  displacement  may  best  be  controlled   by    bypass  valve  between 
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pump  suction  and  dolivory,  and  actualofi  l)y  wator-lino  float  in  thorrroivcr. 

7.    Dry-vacuiint   Puruf)  Receiver  and  Waier  Pump:    This    coinhiiiatiou 

])rovos  very  ofrecli\('  uiulcr  ((indilions  of  lii^li  d("li\cry  head  wlicrc  the  niaiu 


CuniKCtion  Ironi  Low  Pressu 
■    Sleam  Main  lo  Slejni  Gauje 
WEBSTEfl 
COMBINATION  GAUGES 


Slejfn  10  Vacuum  Pm 


I  "S    Globe  Valve 


13-K.      Mi'tlidil  <if  niiikinf;  Lonni'ctions  to  stfani-opfratod  vacuum  puuip 


return  can  be  arranged  to  flow  by  gravity  to  a  closed  receiver,  which  in  turn 
is  sufficiently  elevated  above  the  location  of  water  pump  to  provide  a  head 
of  2  to  3  lb.  on  the  pump  inlet  valves. 

The  dry-vaciuun  pump  being  free  from  dirt  and  abrasive  material,  may 
have  close  clearance  and  fairly  high  elliciency.  It  may  be  located  above 
and  take  its  suction  from  the  top  of  the  receiver,  and  frequently  some  form 
of  condenser  may  be  arranged  in  the  suction  line  to  absorb  and  utilize  other- 
wise w  asted  heat  from  the  air  and  water  vapor  and  at  same  time  materially 
reduce  the  volume  of  vapor  to  be  handled. 

The  receiver,  if  properly  d(>signed.  forms  a  receptacle  for  the  grit  and 
impurities  which  would  otht^rwise  injure  the  water  pump;  and  it  also  affords 
space  for  a  float  governor  for  controlling  the  water  pump  by  the  varying 
volume  of  return  water. 

Excessive  vacuum  in  the  receiver  will  cause  trouble  in  the  water  pump. 
For  this  reason,  a  vacuum  governor  should  always  be  used  to  control  the 
dry-vacuum  pump  and  lo  hold  the  vacuum  within  pre-delermined  limits. 

130 


Suction  Strainers:  The  worst  of  the  grit  and    ,    .,,„,„ 

~  uve  steam  from 

dirt  from  condensation  should  he  retarded  and  re-  ^"''^ 
moved  hefore  entering  the  pump  where  it  would 
score  the  water  cylinder.  Strainers  (see  Figure 
13-8)  with  readily  removed  baskets  for  use  on  the 
main  vacuum  return  line  were  first  designed  and 
recommended  by  \\  arren  Webster  &  Company  24 
years  ago.  The  original  \\  ebster  design  with  little 
modification  has  been  almost  universally  adopted. 

In  some  instances,  conditions  arise  where  large 
quantities  of  returns,  at  unusually  high  tempera- 
tures, are  discharged  into  the  line  near  the  vacuum 
pump.     These  may  come  from  si)ecial 
apparatus  such  as  cooking  or  hospital 
fixtures,   dry  kilns,  or  other  devices 
using  high  pressure  steam.     A  combi-    . 

•  Va  Vacuum  Line  lo  Vacu 

nation  of  suction  strainer  and  a  cook-  Gauge  and  suct.on  sirs 
ing  device,  shown  on  page  262.  will  be  c=Q@I=OStH|P=l 
found  to  be  of  advantage,  particularly     *^'°'" "'' 
where  it  is  desired  to  carry  a  higli 
vacuum    at   the  innnp.     Cold  water, 
passing  through  copper  coils,  is  used 
to  condense  the  vapor  in  the  main  re- 
turn. 


Aacllm  Governors:  In  steam- 
driven  pumps,  control  of  displacement 
by  the  degree  of  vacuum  maintained  in 
the  return  line  may  be  effectually  ac- 
complished by  throttling  the  steam 
supply.  (See  Figure  13-9.)  Simple 
forms  of  diaphragm-actuated  throttle  Fis- 13-9. 
valves  will  control  the  degree  of 
vacuum  in  tiie  main  return  w  ithin  sufQciently  narrow  limits  for  all  practical 
purposes. 


Connections  for  a  Webster  Vacuum- 
pump  Governor 


CHAPTER  XIV 

Laboratory  Tests  of  Return  Traps 

THE  object  of  laboratory  tests  of  appliances  is  to  determine  the  etticiency 
of  the  apparatus  tested,  as  a  guide  to  judgment  in  selecting  materials 

or  in  the  case  of  technical  schools,  as  a  part  of  the  instruction  of  the 
students  in  methods  of  scientific  research. 

All  of  the  operating  conditions  possible  or  probable  in  an  actual  heating 
system  cannot  be  artificially  produced  in  the  laboratorA ,  nor  is  it  practical 
to  carny'  out  tests  long  enough  or  upon  sufficient  numbers  of  samples  to  learn 
all  facts  which  become  evident  in  practice.  Furthermore,  as  the  whole 
heating  system,  including  design  and  installation,  has  its  effect  upon  the 
efficiency  of  the  devices  entering  into  it  as  parts,  any  laboratory  tests  for 
efficiency  can  indicate  only  the  results  which  are  probable  when  the  devices 
are  properly  used  in  practice. 

Too  much  stress  should  not  be  laid,  therefore,  upon  the  comparative 
perfonnances  of  any  two  makes  of  traps  during  laboratory  tests.  Knowl- 
edge of  performances  in  actual  installations  of  many  heating  systems, 
maker's  ability  and  care  in  manufacturing,  shop  tests,  inspection  and  proper 
engineering  application  of  the  traps  are  of  great  importance  to  the  investi- 
gator w ho  wishes  to  make  commercial  use  of  liis  study  of  such  devices. 

However,  as  lalioratory  tests  have  their  useful  place  in  commercial 
investigation,  the  various  types  of  traps  and  the  results  of  tests  w  liicli  may 
be  expected  are  outlined  in  this  chapter.  Mention  is  made  of  many  com- 
mon forms  of  tests  which  give  erroneous  results  so  that  these  errors  may 
be  avoided.  Methods  and  apparatus  for  reliable  tests  are  mentioned  and 
illustrated. 

Usually  the  object  of  a  laboratory  test  of  a  return  trap  is  to  determine 
one  or  all  of  the  following  characteristics: 

1.  Effect  of  the  trap  upon  radiator  efficiency. 

2.  Efficiency  of  the  trap  for  the  removal  of  air  and  water  of  condensation 
and  for  conservation  of  steam  and  vapor. 

3.  Behavior  of  the  trap  without  special  adjustment  to  meet  the  varying 
conditions  of  pressure  and  vacuum  in  normal  practice. 

4.  Durabihty  of  the  trap  through  a  long  period  of  use. 

5.  Construction  features  of  the  trap,  particularly  the  amount  of  valve 
movement,  which  indicates  the  ability  to  get  rid  of  dirt  and  pipe  scale. 

The  results  of  tests  by  many  investigators,  of  radiator  and  trap  effi- 
ciency, have  varied  widely  and  have  often  been  misleading,  largely  because 
the  methods  of  testing  have  been  faulty  and  partly  because  the  devices 
themselves  have  not  always  been  manufactured  to  operate  uniformly. 

Most  tests  of  which  the  results  have  been  published  have  been  faulty 
through  failure  to  cover  a  wide  enough  variety  of  test  conditions,  tlirough 
limitation  of  the  time  period  for  each  test  to  a  few  minutes  instead  of  hours, 
and  tlirough  considering  and  testing  only  one  or  two  samples  of  any  one 
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device,  instead  of  six  or  more  selected  by  the  iiivestiiialor  iVoin  the  manu- 
facturer's stock  bins  or  purchased  in  the  open  market. 

Tests  von  IIeatix(;  Ei"1'I('Ip:x(v:  The  iieatiny  cthciency  of  a  ra(halor 
depends  upon  physical  conditions  within  the  radiator  which  are  affected  by 
the  action  of  the  return  trap.  The  radiator,  among  a  number  of  conmion 
size  and  type,  which  maintains  the  hifjhest  avera<re  t(Mnperature  wlien 
tested  under  the  same  condili(ms.  is  the  most  elliclcnt. 

The  greatest  possible  steam  economy  is  obtained  uliere  this  efficiency 
is  highest;  that  is,  where  steam  is  being  condensed  to  tlu^  greatest  e.\tent 
possible  within  the  radiator  and  the  trap  passes  the  least  amount  f)f  steam  or 
vapor  into  the  return  pipe. 

The  highest  radiator  efficiency  can  be  obtained  only  where  the  dis- 
charge is  sufficiently  and  properly  restrict(>d  to  prevent  steam  frojn  blowing 
into  the  return.  Also  the  air  released  from  the  steam  in  the  radiat(jr  nmst 
be  allowed  to  settle  to  the  lower  parts,  from  which  it  can  enter  the  trap  and 
be  discharged. 

A  return  trap,  in  addition  to  restricting  the  discharge,  must  effectively 
accomplish  the  following: 

1.  The  discharge  of  all  water  of  condensation  as  formed.  Otherwise 
water  accumulates  in  the  radiator,  prevents  free  discharge  of  air  and  thus 
reduces  the  amount  of  surface  effective  for  emitting  heat  from  the  steam. 

2.  The  discharge  of  all  air  and  other  gases  from  the  radiator  im- 
mediately u])on  their  reaching  the  discharge  outlet. 

3.  Thorough  prevention  of  the  discharge  of  steam  to  the  return. 

To  accomplish  these  requirements  the  valve  of  a  return  trap  must 
open  or  close  within  a  very  narrow  range  of  temperature,  above  or  below 
that  of  steam  at  pressure,  irrespective  of  variations  in  steam  pressure, 
and  must  adapt  itself  to  such  changes  of  pressure  and  corresponding  steam 
temperature  as  may  l)e  met  in  practice. 

A  brief  review  of  the  various  types  of  return  traps  will  facilitate  a 
better  understanding  of  tests  and  the  results  which  are  desired. 

All  return  traps  commonly  used  in  low-pressure  or  vacuum  steam  heat- 
ing practice  may  be  classed  as  float,  differential,  antl  thermostatic  traps. 

Float  traps  may  have  sealed  floats.  Figure 

14-2,  or  inverted  oj)en  buckets  as  the  means  of 

operation.     In  either  case,  the  float  is  raised 

tMM  \  ^^y  incoming  condensation  to  imcover  the  valve 

iBTI  I  ^^^^  through  w  Inch  water  is  discharged.     Air 

■ '  I  ^  escapes  into  the  return  pipe  through  an  air 

■    sl         '  ~  port,  which  nuist  be  located  al)ove  the  highest 

m    p^  -|jj     ^yjj^gj.  ipvel  in  the  trap.     The  air  port  is  con- 

1     I  rolled  in  some  makes  by  thermostatic  devices 

to  prevent  leakage  of  steam  to  the  return. 

Tests  upon  a  float  trap  may  generally  be 

expected  to  show  considerable  leakage  of  steam 

to  the  return  unless  the  air  port  is  thermo- 

Hi.iiiioat      statically   controlled.     If  the    air  port   is  so 
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controlled,  the  small  port  and  its  mechanism  may  be  vulnerable  to  the  effects 
of  dirt  and  rust.  Such  traps,  however,  will  be  found  to  have  large  water 
discharge  capacities  and  some  of  the  various  makes  can  be  used  to  advan- 
tage where  widely  varying  volumes  of  water  must  be  discharged  without 
respect  to  temperature. 

A  differential  trap  depends  for  operation  upon  the  difference  in  pres- 
sure at  the  inlet  and  at  the  outlet.  In  its  simplest  form,  it  is  a  check  valve 
which  is  closed  when  the  difference  in  the  pressures  ahead  and  back  of  the 
clapper  is  insufficient  to  overcome  the  weight  of  the  clapper.  Inasmuch  as 
no  special  means  are  provided  for  discharge  of  air,  such  a  valve  may  be  ex- 
pected to  leak  steam  to  the  return  under  any  conditions  of  higher  differential 
pressure,  and  to  stay  closed  with  consequent 
air  binding  and  water  logging  of  the  radia- 
tion when  the  pressure  differential  falls 
below  the  predetermined  limit  for  which  the 
valve  is  adjusted. 

Another  form  of  differential  trap  is 
shown  in  Figure  11-3.  Water  entering  the 
valve  body  raises  the  float,  thus  closing  the 
air  port  by  means  of  the  valve  piece  attached 
to  it.  A  higher  pressure  in  the  lower  part 
of  the  trap  B  than  that  existing  in  the 
chamber  A  results  in  the  operation  of  the 
piston  wliich  raises  the  valve  from  its  seat 
by  means  of  the  connecting  valve  stem.  As 
the  condensation  is  discharged,  the  water 
level  lowers  and  causes  the  float  to  fall,  thus 
uncovering  the  air  port,  and  equalizing  the  pressures  on  opposite  sides  of 
the  piston.  The  weight  of  the  operating  parts  and  the  force  of  the  spring 
then  closes  the  valve.  This  trap  may  be  expected  to  show  fairly  good 
results  in  laborator>^  tests  but  it  is  not  satisfactory-  under  the  usual  operating 
conditions  in  which  dirt  and  scale  are  always  present. 

A  thermostatic  trap  depends  for  its  operation  upon  the  difference  be- 
tween the  temperature  of  steam  at  the  pressure  in  radiator,  and  the  tempera- 
ture of  the  condensate  or  air  to  whicii  the  thermostatic  member  is  exposed. 

Alany  devices  have  been  made  which  depend  upon  the  expansion  and 
contraction  of  metals  or  composition,  or  which  make  use  of  a  bourdon  tube. 
As  a  class  these  have  failed  because  there  is  not  enough  difference  in  area 
between  the  inside  and  outside  of  the  spring  to  produce  the  required  force 
at  normal  difference  in  temperature  between  steam  and  air  vapor  at  a  given 
exterior  pressure.  This  and  other  faults,  such  as  the  necessity  for  adjustment 
for  varying  pressure  conditions  and  slowness  in  operation,  have  led  to  the 
abandonment  of  these  types  by  most  manufacturers. 

Of  all  types  of  return  traps,  the  ones  in  general  use  today  are  those 
whicli  depend  for  movement  of  the  valve  piece  upon  the  change  of  vapor 
pressure  of  fluids  confined  within  a  flexible  chamber  when  subjected  to  dif- 
ferent exterior  pressures  and  temperatures.  The  volatile  fluids  contained  in 
the  flexible  chamber  vaporize  to  a  greater  or  less  pressure  depending  uj)on  the 
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tcnipcraluro  of  the  stoaiii,  vapor,  wator  or  air  which  surround  the  chamber. 
Tlic  expansion  or  contraction  of  the  chamber  moves  the  valve  piece  which 
is  allached  to  the  free  end  of  the  ciianii)er. 

These  traps  are,  generaUy  speakinj^,  of  eillier  the  "inboard"  type  where 
the  thermostatic  member  is  exposed  to  the  temperature  and  pressure  of  the 
steam,  water  and  air  as  il  exists  at  the  radiator  outlet,  or  of  the  "outboard" 
type  which  depends  for  operation  upon  the  conditions  existing  between  the 
valve  piece  and  the  entrance  to  the  return  piping  beyond  the  trap. 

To  be  effective  for  the  inboard  type,  the  thermostatic  member  nmst 
expand  and  contract  through  a  distance  sufficient  to  open  and  close  the 
valve  under  the  influence  of  the  extremely  small  differences  of  temperature 
which  exist  during  normal  operation.  Most  traps  of  the  inboard  type  are 
inefficient  because  of  the  very  short  "strolie"  which  can  be  realized  with  the 
inelastic  disc  construction  generally  utilized  for  the  flexil)le  chamber,  this 
defect  resulting  in  inability  of  the  trap  to  rid  itself  of  dirt  and  scale. 

Tra{)s  of  the  outboard  type  are  affected  by  the  pressure  and  temperature 
of  the  return.  They  are  in  proper  adjustment  only  at  one  definite  pressure 
and  temperature  and  out  of  adjustment  at  all  other  normal  condjinations  of 
pressure  and  temperature.  They  cannot  be  adjusted  even  for  these  normal 
variations  in  radiator  ])ressures  and  vacuum  in  the  return,  and  as  a  result 
usually  water-log  and  air-bind  tlie  radiator  by  staying  closed  when  high 
temperature  and  jjressure  exist,  or  stay  open  and  blow  steam  under  con- 
^^^  ditions  of  low  temperature  and  pressure. 

The  trap  shown  in  Figure  lf-1  is  a  ther- 
mostatic trap  of  the  inl)oard  type  and  as  such  is 
^  affected  in  operation  only  by  the  temperature 

We — =^|[  and  pressures  existing  within  the  radiator.    The 

/a^j==^^^  multifold  design  of  t  he  t hermostatic  member  gives 

it  great  elasticity  and  consequent  ample  move- 
ment in  response  to  change  of  temperature  and 
J  ]iressure  in  the  medium  surrounding  it.  This 
incmber  contains  li(|uid  which  makes  the  trap 
selt'-compensating  for  difference  in  operating 
pressures  of  steam  within  the  radiator.  Its  con- 
struction, with  conical  valve  piece  seating  on 
sharp-edged  seat,  assures  positive  self -cleaning. 
Dirt  and  scale  cannot  lodge  between  valve  and 
seat  and  permit  steam  to  leak  into  the  return. 
It  has  been  stated  that  a  trap  must  not  leak  steam  to  the  return,  but 
in  this  connection  there  should  be  no  confusion  between  steam  discharged 
tlu-ough  a  trap  and  vapor  rising  from  hot  condensate.  Though  then"  ap- 
pearance during  certain  forms  of  visual  tests  are  much  alike,  they  are  two 
entirely  different  things,  and  if  confused  with  each  other,  as  is  sometimes 
done,  wrong  conclusions  will  result. 

Many  times,  highly  efficient  radiator  traps  are  condenmed  for  leaking 
steam,  due  to  the  observed  vapor  of  re-evaporation  noted  at  their  discharge 
outlet,  and  less  efficient  traps  have  been  connnended  because  of  absence  of 
such  vapors. 


Fig.  11-1.    The  Webster 
Sylphon  Trap 


Fig.  H-5.     Re-evaporation  chart  for  determining  the  percentage  of  water  re-evaporated  from  any  tem- 
perature between  300  and  170  deg.  fahr.  into  water  vapor  of  a  lower  temperature  and  corresponding  pressure 


The  absence  of  vapor  al  the  diseliarjire  is  in  reality  an  indication  that  the 
trap  is  holding  back  condensatioji  and  entrained  air  until  the  temperature 
of  the  discliar^re  is  materially  less  than  that  of  steam  at  the  pressure  of  the 
outlet.  The  conse(|uence  of  such  holdinfj;  hack,  is  a  partially  air-hound  and 
w ater-logjxed  radiator,  with  less  than  full  radiatinji  efhciency. 

Visibility  is  deceptive.  A  great  amount  of  moisture  in  the  atmosphere 
and  favorable  light  conditions  both  add  to  the  visibility.  The  air  dis- 
charged from  an  ellicient  trap  is  saturated  with  water  at  discharge  tempera- 
lure  and  this  water  mixing  with  air  at  room  temperature  looks  like  steam, 
while  the  discharge  of  a  trap  utterly  deficient  in  air  removal  shows  only  the 
vapor  of  re-evaporation. 

The  w  ater  of  condensation  contains  total  heat  in  excess  of  that  in  water 
of  condensation  at  lower  pressure.  This  excess  heat  boils  off  some  of  the 
condensation  into  steam.  The  amount  so  boiled  off  is  entirely  dependent 
on  excess  of  total  heat  in  outflowing  condensate  above  total  heat  of  w  ater 
at  lower  pressure. 

If  steam  passes  out  w  ith  condensate,  a  steam  of  greater  total  heat  is 
dissipated.  A  fully  efiicient  trap  releases  the  condensation  at  or  near  steam 
temperature  and  radiator  pressure,  into  a  return  of  lower  pressure.  All 
heat  above  that  consistent  with  lower  pressure  then  generates  vapor.  This 
vapor  passes  to  the  vapor  receiver  in  a  test.  A  certain  amount  of  vapor 
per  pound  of  condensation  is  normal  and  any  excess  of  vapor  above  the 
normal  is  steam  leakage. 

The  condensate  from  a  higher  pressure  into  a  lower  pressure  will  never 
be  at  a  higher  temperature  than  that  due  to  steam  at  the  lower  pressure. 
The  excess  of  the  heat  in  the  outflowing  condensate  w  iU  flash  part  of  the 
water  into  steam. 

These  points  are  emphasized  to  show  the  fallibility  of  visibihty  test  to 
show  the  efficiency  of  return  traps. 

Very  rough  tests  are  often  made  by  connecting  a  trap  to  the  end  of  a 
pipe  or  to  outlets  in  a  header  to  which  steam  is  admitted  at  the  pressure 
usually  used,  the  trap  discharging  into  the  atmosphere.  A  test  of  this  kind 
merely  shows  whether  the  trap  shuts  off. 

Comparative  values  are  sometimes  placed  upon  traps  by  considering 
the  ciuantity  of  water  discharged  during  equal  periods  of  time.  The  traps 
are  successively  attached  to  the  same  test  radiator,  the  condensate  is  care- 
fully weighed  and  the  conclusion  drawn  that  the  trap  passing  the  largest 
(juantity  in  a  given  time  is  the  best.  It  is  evident  that  such  a  test  shows 
merely  the  condensing  rate  of  the  radiator  under  the  room  temperature 
conditions.  Nothing  is  demonstrated  regarding  the  performance  of  the  trap, 
for  it  is  only  when  condensation  is  held  back  in  the  radiator  that  the  capacity 
of  the  trap  is  exceeded.  This  test  is  only  a  determination  of  the  condensate- 
discharging  capacity  of  the  trap. 

The  vacuum  which  can  be  maintained  at  the  discharge  end  of  a  trap  is 
occasionally  regarded  as  a  criterion  of  the  comparative  worth  of  traps.  For 
such  tests,  the  apparatus  consists  of  a  radiator,  a  return  trap,  a  return 
connection  to  a  vacuum  pump,  and  devices  for  maintaining  constant  pressure 
of  steam  supply  to  the  radiator  and  for  operating  the  pump  at  a  constant 
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speed.  The  trap  maintaining  the  highest  vacuum  during  the  test  is  consid- 
ered to  be  the  best.  With  httle  or  no  attempt  to  determine  the  extent  to 
which  the  radiator  is  air  and  water  bound,  such  data  has  frequently  led  to  a 
wrong  choice  of  traps  and  the  results  when  in  actual  operation  on  a  heating 
system  have  proved  correspondingly  unsatisfactory. 

Another  test  is  to  connect  a  trap  to  a  radiator  with  discharge  to  atmos- 
phere, and  noting  the  operation. 

Particularly  erroneous  conclusions  will  be  reached  unless  careful 
distinction  is  made  between  the  vapor  which  is  steam  and  the  vapor  which 
is  due  to  re-evaporation. 

]Much  can  be  learned  as  to  trap  behavior  from  such  a  test,  yet  the 
conditions  are  often  not  the  same  as  in  actual  service  operation.  The  return 
piping  connection  and  the  pressure  therein  have  considerable  effect  upon 
their  operation  so  that  rough  tests  of  this  nature  should  not  be  accepted  as 
conclusive,  but  as  indicative  of  trap  operation. 

These  few  devices  and  methods  are  the  ones  commonly  used  for  de- 
termining comparative  Avorth  of  return  traps  where  only  the  most  easily 
procurable  testing  apparatus  is  available.  Like  other  scientific  investiga- 
tions more  careful  methods  will  lead  to  more  reliable  results  and  with  proper 
apparatus  and  thoughtful  procedure  it  is  entu-ely  practical)le  to  obtain  test 
data  which  can  be  relied  upon  as  accurately  forecasting  the  success  which 
may  be  expected  from  the  use  of  any  return  trap  in  an  actual  heating  system. 

The  first  thought  for  any  reliable  test  should  be  to  create  laborator>- 
conditions  as  nearly  as  possible  like  those  met  in  actual  practice.  Coinci- 
dently,  the  apparatus  should  be  designed  to  provide  exactly  like  and 
simultaneous  test  conditions  where  traps  are  tested  for  comparison,  and  of 
course,  appliances  for  measuring  the  results  must  be  carefully  placed  and 
adjusted.  Then,  by  following  a  proper  test,  planned  to  exliaust  the  various 
possibilities  of  different  operating  conditions,  results  are  secured  which  can 
be  accepted  as  conclusive. 

Enough  has  been  said  to  show  that  valuable  data  regarding  the  probable 
performance  of  return  traps  can  be  obtained  in  the  laboratory  where  suitable 
apparatus  is  available  and  w  here  suitable  test  methods  are  carefully  applied. 
However,  the  long-time  test  of  devices  in  actual  heating  systems  is  the  best 
guide  for  determining  the  relative  value  of  return  traps,  and  further,  the 
efficiency  of  a  good  return  trap  can  be  fully  reahzed  only  when  the  heating 
system  itself  is  properly  planned  and  operated. 


Part  II.  Webster  System  Specialties 
and  Applications* 


CHAPTER  XV 

Webster  Systems  of  Steam  Heating 

THE  title  "Webster  Systems  of  Steam  Heating"  is  used  to  designate 
not  only  the  Webster  Specialties  which  are  used  in  the  several  types  of 

heating'  systems,  but  also  the  methods  and  arrangements,  most  of  them 
original  with  the  manufacturer,  which  assure  economical  and  efficient 
operation  of  the  heating  plant  as  a  whole. 

In  addition  this  designation  embraces  a  far-i"eaching  policy  of  co-opera- 
tion— Webster  Service — which  is  rendered  through  branch  offices  and  service 
centres  of  the  manufacturer  in  the  principal  cities. 

This  three-fold  system  of  specialties,  methods  and  service  is  the 
result  of  continuous  development  since  1888. 

Many  of  the  methods  of  application  have  been  reduced  to  the  form  of 
Standard  Service  Details,  as  shown  in  Chapter  22  and  elsewhere  in  this  book. 

The  selection  and  adoption  of  a  Webster  System  carries  with  it  the 
assurance  to  the  architect,  to  the  designing  engineer,  to  the  heating  con- 
tractor and  to  the  owner,  that  the  responsibility  is  not  divided  between 
manufacturers  of  various  appliances. 

In  a  Webster  System  all  of  the  appliances  are  co-ordinated  in  their 
application  and  function,  and  the  great  risk  of  patchwork  selection  and 
responsibilitj'  is  avoided. 

Webster  Specialties  have  been  proved  by  the  test  of  use  over  many  years 
to  be  the  highest  quality  attainable  in  design,  workmanship  and  material. 

Webster  Service  and  the  standard  and  special  details  of  recommended 
application  are  the  result  of  long  experience  and  pioneering  in  solving  the 
practical  problems  that  have  arisen. 

Webster  Systems  are  flexible.  There  is  a  type  or  a  modification  that 
will  fit  each  building.  Following  the  classification  in  Chapter  10,  Webster 
Systems  of  Steam  Heating  are  divided  into  two  general  types:  Webster 
Modulation  Systems  and  Webster  Vacuum  Systems. 

Webster  Modulation  Systems 

As  stated  in  Chapter  10,  the  vacuum  and  modulation  tj'pes  of  steam 
heating  systems  are  sufficiently  alike  to  be  classed  as  one  broad  type  of 
system,  in  which  the  circulation  of  steam  is  produced  by  a  flow  of  the  heating 

*Drawings  showing  applications,  and  dimensions  of  apparatus  are  subject  to  change  without  notice. 
Certified  drawings  of  apparatus  will  be  furnished  upon  request. 


medium  from  a  liighor  to  a  lower  pressure.  They  are  dissimilar  iu  ilie  method 
of  disposin.ii'  of  the  ])r()duets  of  condeusation. 

The  Modulation  System  may  be  sub-divided  aeeordiiifi'  to  source  of 
steam  sui)j)ly.  or  more  ])artieularly  type  of  boiler,  into  thn>e  yeueral  classes: 

1.  Lo\v-j)ressure  heatiii<^'  boilers  operating  up  to  1(1-11).  ])ressure. 

2.  Boilers  operating  at  from  10  to  .jO-lb.  ])ressure. 

3.  Street  .systems,  carrying  any  pressure. 

1.  Boilers  Oper.\ting  up  to  10-lb.  Pressure:  .\  ty])ical  arrange- 
ment of  the  Webster  ^Modulation  System  as  installed  in  connection  with  a 
low-pressure  heating  boiler  is  shown  in  Figure  1.5-1.  The  initial  pressure 
is  closely  controlled  by  means  of  an  extremely  sensitive  Webster  Damper 
Regulator.  The  steam  is  admitted  to  each  radiator  through  a  Webster 
^Modulation  Valve  which  permits  modulation  of  room  temi)eratin'e  by  simple 
hand  manipulation.  Condensation  is  discharged  and  air  is  vented  from 
each  radiator  through  a  Webster  Return  Trap  which  maintains  full  heating 
efficiency  of  the  radiator  and  eliminates  the  annoyance,  difhculties  and 
noises  common  to  ordinary  gravity  steam  heating  systems. 

Condensation  and  air  from  each  radiator  flow  by  gravity  through  a 
system  of  retiu'u  risers  and  mains  into  the  Webster  ^Modulation  Vent  Trap, 
where  the  air  is  automatically  vented,  permitting  the  system  imder  favor- 
able boiler  conditions  to  operate  for  long  periods  under  partial  vacuum  or 
"vapor,"  but  also  due  to  the  flexibility  of  the  .system  permitting  higher 
pressures  to  be  carried  in  severe  weather  when  a  maximum  amount  of  heat 
is  required.  Fig.  2 1-61,  Page  268,  shows  the  detail  connections  of  the  IVIodu- 
lation  Vent  Trap. 

The  system  of  sui)i)ly  and  retiu'u  mains  and  risers  should  be  sized  and 
run  as  recommended  for  ^lodidation  Systems  in  Chapter  11.  As  a  general 
rule,  supply  mains  and  risers  are  not  dripped  through  traps,  but  directly 
into  a  wet -return  line,  the  air  being  vented  into  the  dry-return  line  which 
is  run  back  above  the  boiler  water  line  to  the  Modidation  Vent  Trap. 

Where  building  conditions  make  the  running  of  a  wet-retiu'u  line  im- 
possible, the  mains  and  sujiply  risers  are  drij^j^ed  and  vented  through 
Webster  Return  Traps  into  the  dry-return  line.  It  has  however  been  found 
preferable  from  practical  experience  to  run  a  wet -ret  urn  line  wherever 
it  is  ]diysically  possible  to  do  so. 

In  view  of  the  general  adoption  of  Webster  ^Modulation  \'alves  and  the 
hot-water  types  of  radiators,  the  top  feed  supi)ly  connections  are  more 
generally  used.  When  i)laced  in  this  position,  the  valves  are  in  a  very  accessible 
location  and  it  will  be  found  easier  to  control  the  temperature  of  the  room 
by  ojierating  the  valve  than  by  following  the  customary  method  of  opening 
and  closing  the  window. 

Figiu'e  22-13  on  page  228  illustrates  the  method  of  dripping  and  venting 
the  supjjly  main  into  the  wet  return.  Figures  22-45  and  22-19  on  pages  229 
and  232  show  how  the  basement  radiators  are  connected  up  to  the  system. 
Several  methods  of  dripping  the  risers  and  mains  through  Retm-n  Traps 
into  the  dry  return  are  shown  in  Chapter  22  on  pages  215.  216  and  217. 

The  Webster  jModulation  Vent  Trap  is  essentially  a  part  of  the  Webster 
Modulation  System,  to  be  used  on  installations  where  the  sizes  of  pipes, 
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valves  and  return  traps  have  been  computed  in  accordance  with  the  methods 
explained  in  Chapter  11  and  also  on  the  basis  of  pressure  differential  outlined 
in  Chapter  23.  and  summarized  in  Table  23-7. 

where  the  pressiu-e  difference  between  that  in  the  lioiler  and  that  in 
the  main  return  line  is  likely  to  exceed  the  available  gravity  head  between 
the  return  main  and  the  l)oiler,  the  AVebster  High-duty  Vent  Trap  may  be 
reciuired. 

The  principal  conditions  under  which  the  High-duty  Vent  Trap  may 
l)e  employed  are  as  follows: 

1.  Whei'e  it  is  of  advantage  to  design  the  system  for  a  continuous 
opei'ating  steam  pressure  ranging   from  2  to  3  lb.  to  occasionally   10  lb. 

2.  In  an  existing  installation,  where  the  pipe  sizes  are  already  fixed, 
as  for  example  an  old  building  in  which  complete  steam  circulation  cannot 
be  obtained  under  2  or  3  lb. 

3.  In  a  proposed  installation  where  the  basis  upon  which  the  pipe  sizes, 
valves  and  return  traps  are  figured  is  either  uncertain  or  unknown. 

4.  Under  certain  operating  conditions  such  as  continually  changing 
janitor  service,  operating  the  boiler  without  the  use  of  a  sensitive  low-pressure 
damper  regulator  or  with  the  damper  regulator  entirely  detached. 

5.  In  cases  where  special  grades  of  bituminous  coal  are  burned  in 
certain  types  of  boilers,  and  it  is  impossible  to  maintain  low  steam  pressure 
even  with  careful  attention  and  correct  damper  regulation. 

2.  Boiler  Pressure  from  10  to  50  Lb.:  With  this  type  of  system 
the  heating  medium  is  generally  live  steam  taken  directly  from  the  boiler 
and  is  reduced  to  the  desired  pressure,  varying  from  atmospheric  up  to  1  or 
2  lb.,  by  means  of  a  pressure-reducing  valve.  This  initial  pressure  in  the 
heating  main  will  vary  according  to  the  pressure  drop  for  which  the  supply 
piping  has  been  sized,  and  to  a  certain  extent  with  respect  to  the  outside 
temperature  and  weather  conditions. 

The  only  exhaust  steam  available  is  that  from  boiler-feed  pumps  and 
other  auxiliaries  if  steam-driven.  The  exhaust  is  utilized  after  it  has  been 
made  suitable  for  use  by  passing  through  a  Webster  Oil  Separator,  drained 
by  a  W'ebster  Grease  Trap. 

The  system  of  supply  and  return  mains  and  risers  should  be  sized  and 
run  as  recommended  for  Case  1. 

In  small  and  moderate  size  buildings  the  supply  mains  are  usually  run 
on  the  basement  ceiling  and  connected  through  laterals  to  up-feed  risers 
supplying  the  radiators. 

In  tall  buildings  and  in  buildings  of  certain  types  it  is  desirable  to  avoid 
running  the  large  supply  mains  on  the  basement  ceilings.  Where  a  building 
is  spread  over  a  large  area,  if  the  supply  main  is  located  on  the  basement 
ceiling,  the  pitch  required  l:)y  the  main  and  by  the  dry  return  may  cause  the 
latter  to  be  too  low  when  ajiproaching  the  point  of  discharge.  In  both  of 
these  cases,  what  is  known  as  the  "overhead"  or  down-feed  system  is  em- 
ployed, the  steam  being  fed  through  a  main  up-feed  riser  to  a  distributing 
main  located  at  the  ceiling  of  the  toj)  story  or  preferably  in  the  attic,  steam 
being  delivered  to  the  various  radiators  through  a  series  of  down-feed  risers. 

The  drop  risers  are  connected  into  a  wet  return  or  gra\ity  drip  line. 


The  return  risers  are  joined  into  an  overhead  dry-return  main,  which  is 
carried  back  to  the  point  of  (hscharge.  The  main  sui)ply  riser  is  dripped 
either  into  the  wet,  return  or  through  a  Webster  IIeavy-(hity  Trap  or  suitable 
size  return  traj)  into  the  dry-retiuti  main. 

In  buikhngs  of  only  one  story,  the  steam  supply  line  is  run  along  the 
ceiling  to  feed  each  radiator  through  a  short  down-feed  riser  which  must 
be  dripped  through  a  return  trap  into  a  dry  return.  The  use  of  the  Webster 
Double-service  Valve  attached  to  the  radiator  as  shown  in  Fig.  24-23,  page 
253,  performs  the  two-fold  service  of  supply  valve  for  the  radiator  and  a 
trap  for  draining  the  riser. 

For  factories,  stores,  loft  buildings,  etc.,  when  there  are  a  number  of 
radiators  heating  one  large  room,  Webster  Modulation  \'alves  are  sometimes 
omitted  and  ordinary  radiator  supply  valves  used  instead.  Such  systems 
are  designated  as  Webster  Semi-AIodulation  Systems  to  distinguish  them 
from  the  usual  type  of  modulation  system. 

In  general,  for  the  type  of  building  for  which  the  Webster  Modulation 
System  is  proper,  the  advantage  of  using  Webster  Modulation  Valves  is  so 
evident  that  they  are  considered  a  necessary  part  of  the  equipment. 

Radiators  may  be  exposed,  concealed  under  window  seats  or  behind 
grilles,  or  placed  overhead  to  take  care  of  skylights  and  unusual  roof  ex- 
posures, as  with  vacuum  systems. 

The  radiators  are  drained  through  Webster  Retiu-n  Traps,  into  a  system 
of  return  risers,  and  in  the  same  manner. 

Air-valves  are  unnecessary  on  the  radiators,  as  the  air  is  relieved  through 
the  return  traps. 

It  should  be  noted,  however,  that  as  the  actual  difference  in  pressure 
through  the  supply  valve  and  return  trap  of  a  modulation  system  is  less 
than  with  a  vacuum  system,  these  valves  and  traps  must  not  be  rated  as 
high  for  modulation  as  for  vacuum  system  practice.  It  will  therefore  be 
observed,  from  a  study  of  Chapter  11,  that  it  is  necessary  to  deduct  the 
pressure  drop  for  which  the  system  is  designed  from  the  initial  pressure  in 
the  heating  main.  With  atmospheric  pressure  in  the  return  piping,  this 
difference  will  represent  the  differential  pressure  on  which  the  capacity  rating 
of  the  valves  and  traps  should  be  based. 

The  products  of  condensation  flow  by  gravity  through  the  system  of 
return  risers  into  the  basement  retiu'n  main,  thence  to  a  hot-well  or  to  the 
receiver  of  a  pump  and  receiver.  If  the  former,  a  condensation  pump  is 
used  to  discharge  the  water  into  the  boiler.  In  the  latter  case,  the  pump 
and  receiver  take  care  of  the  liberation  of  entrained  air  and  return  of 
condensation  to  the  boiler. 

The  condensation  pump,  or  pump  and  receiver,  will  usually  be  electric- 
ally driven,  but  if  the  boiler  pressure  is  25  or  30-lb.  or  above,  the  steam- 
driven  type  may  be  used. 

3.  Street  System  Carrying  any  Pressure:  Where  street  steam 
service  is  maintained,  the  modulation  system  is  similar  in  most  respects 
to  either  Case  1  or  2  described  above,  except  that  no  provision  is  made  for 
returning  the  condensation  to  the  boiler  by  a  modulation  vent  trap,  as  in  the 
case  of  a  low-pressure  heating  boiler,  or  by  some  form  of  return  pump  where 
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higher  pressures  are  carried  on  the  boiler.  The  water  of  condensation  is 
usually  discharged  to  the  sewer  through  a  meter  in  the  return  line,  except 
where  a  flat  rate  per  square  foot  of  radiation  is  charged  in  which  case  no 
meters  are  used. 

Where  exhaust  steam  at  1  or  2-lb.  pressure  is  supplied  by  the  street 
service,  a  connection  is  made  directly  from  the  main  to  the  supply 
piping  in  the  building.  If  steam  at  higher  pressui-es  is  furnished,  a  pressure- 
reducing  valve  is  placed  between  the  service  connections  and  the  main 
heating  pipe,  to  regulate  the  steam  to  any  desired  initial  pressui-e  on  the 
system.  By  this  means  the  pressure  may  be  controlled  to  best  suit  outside 
temperature  and  weather  conditions. 

Webster  Vacuum  Systems 

Webster  Vacuum  Systems  may  be  sub-divided  into  four  classes,  accord- 
ing to  the  source  of  steam  supply: 

1.  High-pressure  or  power  boilers,  with  exhaust  steam  available  from 
engines  and  auxiliaries. 

2.  Medium-pressure  boilers,  15  to  50-lb.  pressure. 

3.  Low-pressure  boilers  up  to  15-lb.  pressure. 

4.  Street  systems. 

1.  Webster  Vacuum  System  with  Pow'er  Boilers:  With  this 
type  of  vacuum  system  the  soiu'ce  of  steam  supply  may  be 

(A)  Exhaust  steam  from  the  engine;  or 

(B)  Exhaust  steam  from  engines  or  auxiliaries,  supplemented  by 
live  steam  at  reduced  pressure. 

In  the  Case  A  when  the  power  load  exceeds  the  heating  load,  the  supply 
of  exhaust  steam  will  be  ample  for  the  requirements  of  the  heating  system 
and  in  addition  may  also  be  used  in  a  Webster  Feed-water  Heater  to  preheat 
the  water  supplied  to  the  boilers.  Under  such  conditions  the  heating  plant 
is  exceedingly  economical  since  it  utilizes  a  by-product,  exhaust  steam, 
which  otherwise  might  be  wasted. 

It  is  under  such  conditions  that  the  Webster  Vacuum  System  is  most 
advantageous  since  it  ensures  a  rapid  circulation  of  steam  through  the 
entire  heating  system  with  a  minimiun  back  pressure  on  the  engine.  The 
reduction  in  back  pressure  saves  in  the  steam  consumption  of  the  engines. 

In  the  Case  B  where  the  quantity  of  available  exhaust  steam  is  not  suffi- 
cient, live  steam  at  reduced  pressure  is  automatically  admitted  into  the 
heating  main  to  make  up  the  deficiency.  In  this  design  of  heating  plant, 
care  should  be  exercised  to  see  that  all  of  the  exhaust  steam  is  utilized, 
including  that  from  the  various  piunps  and  auxiliaries. 

Fig.  15-2  illustrates  a  conventional  layout  in  elevation,  of  a  AVel^ster 
^'acuum  System,  using  both  exhaust  and  live  steam  in  combination  witli 
a  Webster  Feed-water  Heater. 

Referring  to  the  illustration,  the  exhaust  steam  is  made  suitable  for 
efficient  heating  and  for  subsequent  use,  when  condensed,  by  passing 
through  a  Webster  Oil  Separator,  which  must  be  properly  drip])ed. 

It  is  very  important  that  the  oil  separator  shall  be  properly  drii)ped. 
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For  ordinary  cases,  where  the  i)ressiire  in  the  exhaust  main  is  maintained 
above  that  ot"  the  atmosphere,  the  Webster  Grease  Trap,  also  shown  in  the 
ilhistration.  is  highly  efficient.  A  daily  inspection  of  the  grease  trap 
should  be  made  while  the  plant  is  in  use,  to  be  sure  that  it  is  operating 
properly.  In  systems  which  lie  idle  for  a  jjortion  of  the  year,  a  careful 
examination  shoidd  be  made  on  starting  up.  to  see  that  the  grease  trap  and 
the  pipe  connections  thereto  have  not  become  clogged  on  account  of  the 
solidification  of  the  grease  during  the  period  of  such  idleness.  Failure 
of  the  trap  to  function  properly  will  cause  the  separated  oil  to  be  carried 
over  into  the  heating  system  and  eventually  to  reach  the  boilers,  where  it  is 
very  likely  to  produce  bagging  or  lilistering  of  the  shell  plates  and  tul)es. 

If  the  i)artial  vacuiun  created  by  the  vacuum  pump  extends  into  the 
heating  mains,  at  times  when  the  supply  of  exhaust  steam  is  insufficient, 
and  it  is  not  supplemented  by  live  steam,  it  will  be  necessary  to  drain  the 
oil  separator  in  a  special  manner.  Figs.  21-27  and  21-28  in  Chapter  24 
show  both  methods  of  draining  the  oil  separator. 

The  necessary  live  steam  is  admitted  through  a  pressure-reducing 
valve  of  a  suitalile  size  and  type.  A  Webster  Water  Accumulator  is  used, 
as  shown  in  the  illustration,  to  ensure  proper  functioning  of  the  valve. 
The  addition  of  a  pop  safety  valve  in  the  low-pressvu'e  main,  set  to  blow 
at  a  few  pounds  above  the  normal  working  pressure,  will  give  warning  of 
any  tendency  of  the  reducing  valve  to  build  up  pressure  during  periods 
when  the  demand  ft)r  steam  is  ^■ery  light. 

Dripping  Supply  Mains  and  Risers:  Supply  and  return  mains  and 
risers  should  l)e  sized  and  run  as  recommended  for  vaciunn  system  practice 
in  Chapter  11.  The  metluid  of  dripping  mains  and  risers  into  the  vacuum 
return  line  varies  with  the  local  conditions  of  each  building.  In  the  tyi)ical 
illustration  the  base  or  "heel"  of  the  main  supply  riser  is  shown  drii>j)ed 
through  a  Webster  Heavy-duty  Trap,  protected  from  scale  and  sediment 
by  a  Webster  Dirt  Strainer. 

A  few  general  suggestions  regarding  the  dripping  of  supply  mains  and 
risers  will  l)e  helpfvil  and  will  assist  in  determining  which  of  the  several 
methods  of  application  will  l)e  followed. 

As  stated  in  the  description  of  modulation  systems,  the  overhead  or 
down-feed  system  of  supply  ])iping  is  emjiloyed  in  tall  buildings  and  in 
buildings  of  certain  types  where  it  is  desirable  to  avoid  the  running  of  large 
supply  mains  in  the  l)asement.  Steam  is  conveyed  through  a  main  up-feed 
riser  to  a  distributing  main  located  either  on  the  ceiling  of  the  top  story  or 
in  the  attic  space  above.  The  space  shoukl  have  sufficient  head  room  to 
give  easy  access  to  the  valves  which  are  generally  placed  in  the  run-outs 
from  the  main  to  the  riser,  and  also  to  permit  future  repairs.  It  is  needless  to 
say  that  either  the  attic  floor  should  be  made  strong  enough  to  carry  the 
weight  of  a  m;in  or  a  narrow  platform  should  be  provided.  Either  can  be 
made  of  two  2-in.  thick,  hard  pine  jjlanks  of  2 1-in.  total  width  and  sus- 
pended by  iron  hangers  fastened  to  the  roof  framing  and  spaced  at  regular 
intervals.  The  platform  should  run  parallel  to  pipe  lines  and  close  enough 
to  allow  a  man  suitable  space  for  working. 

The  main  riser  is  dripped   through  a  Webster  Hea\-y-(luty   Trap   and 
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Wehsier  Dirt  Strainer,  as  shown  in  Figure  22-2.  The  (h'oj)  risers  are  in- 
diviihially  drij)])e(l  through  Webster  Helurn  Traps,  witli  ])roi)er  provision 
for  eoohng  surface  between  tlie  ])oiiit  of  drainage  and  the  trap,  the  sur- 
face being  arranged  either  horizontally  or  vertically,  as  space  conditions 
may  determine.  As  dirt  and  scale  are  more  apt  to  accunndate  at  such  drip 
points  than  elsewhere  in  the  ])i|)ing  system,  it  is  essential  also  that  the  traps 
be  ])rotected  by  means  of  dirt  pockets  made  up  of  ])ii)e  and  fittings,  as 
shown  in  Figs.  22-7  and  22-8,  or  l>y  means  of  Webster  Dirt  Strainers, 
shown  in  Fig.  22-10.  The  latter  an>  simi)le,  self-containetl  fittings,  easy  to 
install,  and  convenient  and  readily  accessil)le.  The  cleaning  of  these  points 
where  dirt  accumulates  is  essential  to  the  success  of  the  heating  system. 

Another  method  of  dripping  the  drop  risers  of  down-feed  systems, 
which  is  very  satisfactory  where  building  conditions  permit  its  use,  is  to 
connect  all  of  these  risers  into  a  wet-retm-n  or  gravity  drij)  line.  This 
necessitates  the  running  of  a  separate  wet-return  line  in  the  l)asement 
along  the  floor.  In  such  case,  return  traps  are  not  needed  for  dripping  the 
risei's,  but  each  riser  must  connect  to  the  gravity  drip  line  through  a  hori- 
zontal line  in  which  an  efficient  check  valve  is  placed.  Various  methods  of 
accomplishing  this  are  shown  in  Figs.  22-28,  22-29  and  22-30  in  Chapter  22. 

Where  building  conditions  justify  the  running  of  a  basement  supj)ly 
main,  with  a  series  of  up-feed  risers,  each  riser  is  dripped  through  a  Webster 
Keturn  Trap,  protected  l)y  a  dirt  pocket  or  Webster  Dirt  Strainer,  into 
the  vacuum  return  line.  The  main  itself  is  dripped  at  various  points 
where  it  rises  or  where  its  size  is  reduced,  so  as  to  relieve  the  condensation 
and  air  which  would  otherwise  accumulate  and  interfere  with  the  proper 
circidation  of  steam.  These  points  are  also  dripped  through  Webster 
Return  Traps,  pro])erly  ])rotected  from  dirt  and  .sediment.  Provision  for 
cooling  siu'faces  in  the  pipe  connection  to  the  return  trap  is  of  prime  impor- 
tance with  this  method  of  dripping.      (See  Figs.  22-31.  22-32  and  22-33.) 

Very  tall  buildings  sometimes  require  a  combination  of  the  up-feed 
and  down-feed  system  of  supply,  with  a  combination  of  the  various  methods 
of  tlripping. 

The  drip  at  the  base  of  a  main  up-feed  riser  is  commonly  referred  to 
as  a  "main  riser  drip"  or  "drip  at  heel  of  main  riser.*'  Drips  at  the  l)ottom 
of  up-feed  or  down-feed  risers  where  traps  are  used  are  called  "supply  riser 
drips."  Drips  at  various  points  on  the  basement  main  are  called  "main 
drips."     Wet-retui"n  lines  ai'e  called  "gravity  drips." 

Supply  lines  to  fan  heater  coils,  hot-water  generators,  etc.,  usually 
require  separate  drips,  using  either  Webster  Heavy-duty  Traps  or  Webster 
Return  Traps,  depending  upon  the  volume  of  condensation  to  be  handled. 
Where  such  drips  are  to  be  taken  into  the  \-aciuim  return  line  comparatively 
close  to  the  vacuum  pump,  sjiecial  provision  must  be  made  on  account  of 
the  relatively  high  temperature  of  the  condensation. 

Supply  lines  to  apparatus  requiring  steam  at  pressure  above  15-lb., 
known  as  medium  or  high-pressure  lines  according  to  the  pressure  carried, 
should  not  be  dripped  directly  into  the  vacuum  return  line.  Special  methods 
of  taking  care  of  such  drip  points  must  be  followed.  Figure  20-2.  Page  203 
shows  one  method. 


Radiator  Coni}ccti(»is:  Regardless  of  the  arrangement  of  the  supply 
mains  and  risers,  and  the  methods  of  dripping  them,  the  supply  conneetions 
to  the  individual  radiators  will  he  similar,  as  shown  in  Figures  22-1 1,  22-15 
and  22-19. 

Horizontal  connections,  known  as  "laterals,"  are  taken  from  the 
supply  riser  to  the  radiator.  In  the  case  of  radiators  with  top-feed  connection, 
a  vertical  supply  line  will  be  taken  from  the  lateral  to  the  radiator  supply 
valve.  This  applies  particularly  to  radiators  of  the  hot-water  type,  in  which 
the  radiator  sections  are  connected  together  at  the  top  by  means  of  close 
nipples.  Sometimes  steam  radiators  may  l)e  similarly  fed,  using  the  first 
section  to  convey  the  steam  in  a  downward  direction,  particularly  where  a 
fractional-control  or  modulation  valve  is  used  with  this  tyj)e  of  radiator. 

In  Chapter  12  special  attention  is  called  to  the  necessity  for  proper 
sizing  and  grading  of  these  laterals. 

In  Figiu'e  15-2  the  cast-iron  column  radiation  is  shown  supplied 
through  a  Webster  Modulation  ^'alve,  while  the  heating  coil  is  supplied 
through  an  ordinary  gate  valve. 

The  advantage  of  the  Webster  Modidation  Valve  is  that  it  provides  a 
convenient,  positive  means  of  throttling  the  steam  sujjply  to  each  radiator 
so  that  the  occupant  of  each  compartment  may  maintain  the  temperature 
which  he  desires,  without  regard  for  the  teniperature  in  any  other  compart- 
ment. This  results  not  only  in  increased  comfort  to  the  occupant,  but  in 
decrease  of  the  amount  of  steam  used,  as  the  room  temperature  is  varied 
by  manipidation  of  a  single  valve  on  each  radiator,  and  not  by  ojiening  and 
closing  windows.  This  latter  method  is  the  customary  and  inefficient  way 
of  varying  room  temperature  where  ordinary  supply  valves  are  used,  owing 
to  the  inconvenience  and  uncertainty  of  such  valves  in  throttling  the  sup- 
ply of  steam. 

The  Webster  ^Modulation  Valve,  described  and  illustrated  in  detail 
in  another  chapter,  is  esi:)ecially  designed  to  give  perfect  modidation  of 
roouT  temperature  with  Icsft  than  a  full  turti  of  the  indicator,  the  position  of 
the  indicator  on  the  dial  showing  the  degree  of  opening.  Fiu-ther,  during 
the  period  of  initial  warming-up  of  a  cold  room,  it  acts  as  a  ciuick-opening 
valve  and  where  the  proper  sizes  are  selected  for  the  operating  conditions, 
the  radiator  icill  he  heated  all  over  in  JO  mi  nates,  after  which,  if  the  weather 
conditions  are  such  that  a  smaller  volume  of  steam  is  required  to  maintain 
the  room  temperature,  the  indicator  is  tin-ned  back,  and  steam  is  conserved. 

Radiators  may  be  placed  in  exposed  locations  beneath  windows  or 
between  columns,  as  shown  in  Figure  15-2,  or  may  be  wholly  or  partially 
concealed  under  window  seats  or  behind  grilles  (Figs.  6-1  land  6-15);  or  may 
be  located  overhead  as  with  skyliglit  coils  (Fig.  5-2). 

Fach  of  these  conditions  requires  special  arrangement  of  supply  con- 
nections and  fixtures.  Some  helpful  suggestions  to  meet  particular  connec- 
tions may  be  found  by  studying  Webster  Service  Details  in  Chapter  22. 

Whether  to  employ  Welister  Modulation  Valves  or  ordinary  radiator 
supply  valves  is  optional  with  the  architect  or  designing  engineer  who 
selects  the  eciuipment.  The  modulation  type  is  recommendetl  wherever 
efficiency  and  economy  of  operation  are  desired,  as  the  atlditional  first 
cost  of  installation  is  very  little,  and  repairs  and  upkeep  are  negligible. 
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Th(\v  are  especially  to  l)e  reeoinmeiKled  in  hotels,  aparliiieiil  houses, 
and  other  hiiildinss  with  transient  oeeiii)ants  who  have  no  incentive  to 
economize  in  the  use  of  steam  where  ordinary  valves  are  used.  Also  f^reater 
economy  may  thus  he  secured  in  <lorniitories,  schools,  institutions,  etc., 
where  the  inanii)ulalion  of  the  radiator  valves  is  under  control  of  a  regular 
allendant  rather  than  the  occujjant  of  the  room.  For  such  cases,  a  lock- 
shield  ty])e  of  Webster  Modulation  Valve  with  key   is  fre(|ucntly   used. 

The  Webster  Vacuum  System  is  admiralily  adapted  for  use  where 
s])ecial  systems  of  automatic  temperature  control  are  used,  as  in  large  office 
buildings,  hotels,  etc.,  to  ccmtrol  individual  room  temperatures. 

Disposal  of  the  Products  of  Coiidcnsatioii:  The  air.  gases  and  water 
comi:>rising  the  jjroducts  of  condensation  of  steam  within  the  radiators, 
are  drained  from  each  radiator  by  a  Webster  Return  Trap  coiuiected  at 
the  return  end.  Lateral  "run-outs"  conduct  this  condensation  to  a  series 
of  return  risers  which  convey  it  to  a  system  of  basement  return  mains, 
in  which  a  i)artial  degree  of  vacuum  is  maintained  by  a  steam  or  electrically 
driven  vacuum  pumj),  according  to  conditions. 

The  Webster  Return  Trap  serves  the  triple  function  of  relieving  the 
air  and  gases  as  well  as  the  water  of  condensation  and  also  preventing  the 
escape  or  loss  of  steam  into  the  return  line. 

Air  valves  are  unnecessary.  Their  annoyances  and  discomforts  are 
entirely  eliminated. 

The  several  types  of  AVebster  Return  Traps  and  the  various  methods 
of  application  for  different  conditions  are  explained  iu  other  chapters. 

As  with  laterals  fn)m  supply  risers,  return  run-outs  to  risers  must  be 
properly  sized  and  graded.  This  is  a  detail  which  often  requires  personal 
inspection  during  the  progress  of  the  installation,  ])articularly  where  the 
laterals  and  run-outs  are  run  in  pijje  or  sheet-metal  sleeves  which  in  turn  are 
embedded  in  concrete  or  other  sijlid  floors. 

The  ]\ic>nim  Piwip:  The  vacuum  pump  and  its  auxiliary  equipment 
may  be  referred  to  as  the  heart  and  lungs  of  a  vacuum  system.  It  is  all- 
important  that  they  be  properly  selected  and  sized,  and  that  the  function 
of  all  ])arts  of  this  ecpiipment  be  thoroughly  understood  so  that  the  piping 
connections  will  be  proi)erly  made.     (See  Chapter  13.) 

A'arious  types  and  arrangements  of  ecpiipment  are  necessary  to  meet 
different  conditions. 

In  the  type  of  vaciuim  system  which  is  now  Ijeiug  described,  the  vacuuni 
])unii)  will  usually  l)e  of  the  steam-driven  reciprocating  type,  steam  ])eing 
furnished  directly  from  boilers  at  relatively  high  pressure. 

The  supply  of  steam  to  the  pump  is  automatically  controlled  by  a 
Webster  Vacuum-pump  Governor  actuated  by  the  degree  of  vacuum 
existing  in  the  vacuum  return  line  and  adjusted  to  stop  or  slow  down  the 
operation  of  the  pump  as  the  vacuum  a])])roaches  the  point  for  which  the 
governor  is  set,  and  starting  or  speeding  uj)  the  ])um])  as  the  vacuum  drops 
below  this  point. 

The  puni]).  where  of  the  reciprocating  tyjie.  is  lubricated  by  the  admission 
of  cylinder  oil  into  the  steam  supply  line  through  a  sight-feed  Inliricator. 
or  if  preferred,  through  a  mechanical  force-feed  oiler,  the  latter  being  attached 

170 


to  the  puinj)  ])referal)ly  hefoiv  shipment  and  actuated  by  tlie  operation 
of  the  pnnip  itself. 

The  suction  valves  of  the  pump  are  protected  from  dirt  and  foreign 
material  by  a  Wel)ster  Suction  Strainer. 

The  products  of  condensation  will  l)e  conveyed  by  gravity  through  the 
system  of  return  risers  and  main  vaciunn-return  line  to  a  ])oint  either  above 
or  below  the  suction  inlet  of  the  pump.  de])ending  upon  building  conditions. 

If  this  point  is  below,  the  vacuum  ])umii  will  raise  the  condensation 
with  its  entrained  air.  The  arrangement  of  *iifts"  depends  upon  the  ver- 
tical distance  and  degree  of  vacuum  created  and  maintained  by  the  pump. 

Webster  Lift  Fittings  used  in  i)airs  will  materially  assist  the 
vacuum  pump  where  lifts  are  necessary. 

Various  methods  of  applying  vacuum-governors,  lubricators,  suction 
strainei's  and  lift  fittings  in  connection  with  vacuum  pumps  are  shown  in 
the  ^Yebster  Ser^■ice  Details  in  Chapter  13  in  which  the  jiractical  prol)lems 
of  installation  are  worked  out. 

Final  Disposal  of  the  Condensation:  The  vacuum  pump  discharges 
the  products  of  condensation  to  a  point  of  disposal,  where  the  entrained 
air  is  liberated  and  the  condensation  returned  to  the  boiler  as  feedwater. 

In  Figure  15-2  the  pump  discharges  into  a  Webster  Receiving  Tank 
which  is  vented  to  the  atmosphere.  The  condensation  flows  by  gravity 
from  the  tank  to  the  Webster  Feed-water  Heater  against  the  working 
pressure  carried. 

In  the  typical  case,  the  receiving  and  air-separating  tank  is  of  the 
water-control  tyjje.  and  the  Webster  Feed-water  Heater  also  has  an  auto- 
matically controlled  valve  in  its  water-sui)ply  line. 

As  the  water  level  in  the  Feed-water  Heater  lowers,  the  automatic 
valve  opens,  and  the  condensation  flows  from  the  tank  to  the  heater  through 
the  sealed  connection.  This  arrangement  of  tank  and  heater  may  l>e  used 
only  where  the  tank  can  be  located  at  sufhcient  height  above  the  heater 
so  that  the  static  head  will  overcome  the  working  pressure  within  the  heater. 

Additional  fresh  water  recjuired  to  make  up  any  losses  that  occur  is 
admitted  automatically  into  the  tank  by  the  lowering  of  the  water  level, 
which  in  turn  actuates  the  automatic  water-regidating  valve. 

Surplus  condensation  overflows  from  the  tank  to  the  sewer  or  drain. 
The  waste  of  condensation  at  higher  temperature  from  the  overflow  of  the 
feed-water  heater  is  thus  eliminated. 

An  alternate  arrangement  which  is  often  desirable  is  the  use  of  a 
Webster  Receiving  Tank  of  the  plain  type  with  a  Webster  Feed-water 
Heater  of  the  Steam-control  Type,  as  is  shown  in  Fig.  27-7,  Page  301. 

In  this  case  the  condensation  flows  continuously  from  the  tank  to  the 
heater.  As  the  water  level  in  the  heater  rises,  the  automatic  valve,  placed 
in  the  steam  line  to  the  boiler-feed  pump  and  actuated  by  the  water  level  in 
the  heater,  causes  the  pump  to  withdraw  the  water  from  the  heater. 

Another  arrangement  is  the  use  of  a  Webster  Tank  of  the  plain  type  dis- 
charging into  a  special  return  inlet  on  the  heater,  fresh  water  as  needed 
being  automaticahy  admitted  into  the  heater.     (See  Fig.  27-6,  Page  303.) 

Still  another  arrangement  which  is  necessary  where  the  tank  cannot  Ije 
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located  at  sufficient  liei<>lit  above  the  lieater  to  overcome  the  pressure  therein, 
is  the  use  of  a  Wel)ster  Ilych-o-imeuinatic  Tank,  described  in  Chapter  V.). 

Where  an  open  feed-water  heater  is  not  used,  the  tank  (hscharges  to  the 
boiler-feed  ])unip,  either  the  water-control  or  steam-control  type  of  pump 
beinii'  used,  according  to  conditions. 

The  specific  functions  of  each  of  these  tyi)es  of  Webster  Receiving 
Tanks  are  more  particidarly  descril)ed  in  Chapter  21. 

J'eutilaiioii  Problems:  In  Figure  15-2  a  typical  installation  of  a  motor- 
driven  ventilating  fan,  with  its  re-heater  and  tempering  coils,  is  also  shown. 

The  fan  heater  supply  line  is  dripped  through  a  Webster  Return  Traj) 
and  Dirt  Strainer,  and  the  individual  heater  sections  through  Webster 
Return  Traps. 

The  method  of  dripping  fan  heater  sections  will  vary  with  the  size, 
arrangement  and  number  of  sections.  Special  study  should  be  made  of  the 
various  ^Yebster  Service  Details  shown  in  Chapter  22. 

It  is  exceedingly  im])ortant  not  only  to  choose  the  right  tyjx'  of  trap 
for  use  with  indirect  radiators  but  also  to  have  the  pipe  connections  properly 
made.  Tlie  trap  must  be  of  the  highest  efficiency,  with  sufficient  capacity 
to  pass  rapidly  the  maximum  ([uaiitities  of  water  and  air  which  are  present 
when  first  warming  up,  and  afterwards  open  for  the  condensate  and  entrained 
air  but  absolutely  prevent  the  escape  of  steam.  This  must  be  done  even 
where  core  sand  and  greases  are  present  and  settle  in  the  valve  bodies.  Where 
groups  of  radiators  are  made  up  of  large  numbers  of  sections  nippled  to- 
gether, there  is  a  likelihood  of  air-binding  sometimes  extending  over  con- 
siderable areas.  This  trouble  can  be  avoided  if  the  traps  and  piping 
are  right.  Webster  Return  Traps  and  Webster  Hea^y-duty  Traps  meet 
every  condition  if  installed  in  accordance  with  proper  Service  Details. 

Further  reference  should  also  be  made  to  other  chapters  for  description 
and  method  of  application  of  various  types  of  Webster  Feed-water  Heaters 
where  power  boilers  are  used  for  generating  steam  for  prime  movers;  Webster 
Steam  Separators  placed  in  the  high-pressure  steam  lines  to  provide  dry 
steam  for  engines;  and  Webster  Ex])ansion  Joints,  of  both  the  single  and 
double-slip  pattern,  for  low  and  high-pressure  steam  lines,  to  take  care  of 
the  expansion  and  contraction  which  occur  in  such  lines. 

2.  Webster  Vacuum  System  With  Medium-Pressure  Boilers, 
15  to  50-lb.:  The  foregoing  description  will  serve  as  a  general  description 
of  this  type  of  vacuum  system,  except  that  the  feed-water  heater  will  not 
be  used,  the  exhaust  steam  will  be  limited  to  that  from  jnuiips  and  auxiliaries, 
if  steam-driven,  and  the  vaciuim  i)ump  will  l)e  either  of  the  low-pressure 
steam-driven  type  or  electrically  driven. 

Fnder  some  conditions,  particularly  for  pressui'es  up  to  20-lb., 
electrically  driven  pumjis  may  be  more  suitable,  and  in  these  cases  the 
lubricator  and  vacuum-pump  governor  will  not  be  used. 

For  boiler  pressures  up  to  15-lb.,  either  electrically  operated  re- 
ciprocating vacuum  pumps  or  steam-driven  ])unips  can  often  be  used  in 
conjimction  with  Webster  Hydro-pneumatic  Tanks  to  return  the  water  to 
the  boiler  without  the  use  of  a  separate  boiler-feed  piunp.  Webster  Service 
Details  in  Chapter  13  show  the  proper  arrangement  for  such  cases. 
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3.  Webster  VAcmi  System  With  Low-Pkessure  Boilers,  up  to 
15-LB.:  The  description  of  this  type  of  vacuum  system  is  the  same  as  that 
immediately  preceding,  except  that  the  rotary  type  of  electrically  driven 
vacuum  pump,  handling  air  and  water  separately,  is  particularly  suitable. 
These  pumps  also  act  as  boiler-feed  pumps  if  the  conditions  of  the  plant 
are  within  the  range  of  the  discharge  head  or  pressure  at  which  the  manu- 
facturers guarantee  these  pumps  to  operate. 

I.  Webster  Vacuum  System.  Steaii  Furnished  fro.m  Street 
System:  As  steam  at  a  pressure  suitable  for  operating  a  steam-driven 
vacuum  pump  is  usually  not  available,  this  type  of  vacuum  system  will 
require  either  rotary  or  reciprocating  electrically  driven  vacuum  pump. 

The  condensation  in  such  cases  is  discharged  to  the  sewer  or  point 
of  disposal  through  a  condensation  meter  of  a  type  for   vacuum  service. 

Webster  VACUuii  Systems.  Special  Modifications:  There  are 
two  special  types  of  modifications  of  Webster  Vacuum  Systems  which  will 
recjuire  special  description:  The  Webster  Conserving  System  and  the 
Webster  Hylo  Vacuum  System. 

Webster  Conserving  System:  This  is  a  special  modification  of  the 
Webster  Vacuum  System  which  meets  two  general  conditions: 

1.  Where  necessary  to  operate  steam-driven  pumps  from  low-pressure 
boilers  at  very  low  pressure — from  5  to  20-lb. 

2.  Where  necessary  to  provide  steam  for  some  special  service  con- 
tinuously at  a  pressure  higher  than  that  needed  for  heating. 

Referring  to  Figure  1.5-3,  this  system  is  in  general  respects  similar  to 


This  Connection  to  be  made  15'-0'' 
Irom  Pressure  Reducing  Valve 
WEBSTER 
WATER  ACCUMUUTOR 


This  Valve  to  be  open  when 
Pump  is  started  and  closed 
when  Pump  is  in  operation 


Globe  Valve 
"Checl*  Valve 


By- pass  to  Sewer-" 
WEBSTER  LIFT  FITTINGS 


WEBSTER  SUCTION  STRAINER 


Fig.  15-3.     Typical  layovit  of  a  Webster  Conser\  ing  System 
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the  vacmiin  syslom  described  for  working'  ])re.s.sur(>.s  from  15  to  50-11).  pressure. 

A  low-pressure  steani-driveu  vacuuui  ])uui])  is  used,  disehar<>in,ii;  to  a 
Webster  Ilydro-pueuinatic  Tauk,  and  1  hence  to  the  boiler  against  pressure. 

The  disi  iuiiiiishinti'  feature  of  this  s])ecial  sy.steni  is  the  Webster  Con- 


Fig.  1.V4. 


Typical  installation  and  close-up  of  the  \\'ebster  Conserving  Valve 
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serving  Valve,  which  is  placed  in  the  supply  main  near  the  boiler,  and 
conserves  or  retains  the  steam  on  the  inlet  side  of  the  valve  until  sufficient 
pressure  has  lieen  built  up  to  (,1)  operate  the  pump,  or  (2)  meet  the  pressure 
requirements  of  the  special  service. 

Connections  to  the  vacuum  pump  or  for  the  special  service  are  taken 
from  the  high -pressure  side  of  the  conserving  valve.  \Vlien  the  predeter- 
mined ])ressure  has  been  built  up,  the  excess  pressure  is  released  into  the 
heating  main  by  means  of  the  conserving  valve. 

In  conse([uence,  the  vaciuim  pump  begins  to  function  before  the  steam 
enters  the  heating  main  and  continues  to  operate  even  when  the  pressure 
drops  on  the  high-pressure  side  to  such  point  that  the  conserving  valve  closes 
against  further  admission  of  steani  into  the  heating  main.  The  heating 
system  is  therefore  kept  continuously  drained  of  water  at  all  times,  insuring 
return  of  condensation  to  the  boiler  and  preventing  accidents  or  damage 
which  would  occur  from  lowering  the  boiler  water  level  to  a  dangerous  point. 

One  other  special  feature  of  this  system  is  the  use  of  a  Webster  Damper 
Regulator  to  control  the  boiler  pressure,  operating  from  the  low-pressure 
side  of  the  conserving  valve.  The  damper  regulator  must  be  connected 
in  the  special  manner  recommended. 

In  a  similar  manner  to  the  above,  any  special  apparatus  like  kitchen 
equipment  requiring  steam  continuously  at  higher  pressure  is  always 
assured  of  constant  supply  regardless  of  operation  of  the  heating  system. 

Another  adaptation  of  the  AVebster  Conserving  System  is  in  large 
plants  in  which  the  engines  are  run  condensing. 

A  study  of  steam  engine  performance,  where  the  engine  exhausts  into 
the  atmosphere  or  into  the  heating  system  aga  nst  a  back  pressure  slightly 
above  that  of  the  atmosphere,  shows  that  engines  working  under  such 
conditions  actually  convert  only  5  to  10  per  cent  of  the  heat  supplied  to 
them  into  mechanical  energy.  The  remaining  90  per  cent  of  the  heat  origi- 
nally supplied  to  the  steam  entering  the  engine  is  retained  in  the  exhaust. 

In  some  plants,  power  and  heating  loads  are  nicely  ba  anced  so  that  all 
the  exhaust  steam  available  from  ])ower  units  can  be  utilized  for  process  work 
or  heating  purposes,  in  which  event  the  90  percent  of  heat  energy  remaining 
in  the  exhaust  steam  is  put  to  useful  work.  In  such  cases  the  engine  may  be 
considered  as  a  pressure-reducing  valve  which  reduces  the  pressure  from 
that  carried  on  the  boilers  to  that  reciuired  for  heating  and  process  purposes. 

There  are  numerous  industrial  i)lants  where  the  power  load  is  greatly 
in  excess  of  the  heating  load,  so  that  the  ([uantity  of  exhaust  steam  available 
is  greatly  in  excess  of  that  actually  re(iuired.  The  surplus  exhaust  steam 
with  its  heat  units  must  then  lie  wasted. 

Where  these  conditions  exist,  the  engines  are  often  operated  condensing 
instead  of  non-condensing,  so  that  exhaust  steam  from  the  auxiliary  ma- 
chineiy  only  is  available.  In  most  instances  the  quantity  is  not  sufficient 
to  supply  the  heating  load,  and  the  deficiency  is  made  up  by  live  steam 
supplied  from  the  boiler  through  a  pressure-reducing  valve. 

The  work  done  by  the  pressure-reducing  valve  in  reducing  the  steam 
from  boiler  pressure  to  that  required  in  the  heating  system  is  converted 
into  superheat  on  the  low-pressure  side  of  the  valve.    This  work  represents 
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about  10  ])('r  cent  of  the  total  heat  eiuM-gy  supplied  to  the  steam.  If  this  10 
percent  of  heat  energy  can  be  utilized  l)y  conversion  into  mechanical  energj% 
nearly  id(>al  conditions  will  be  ap])roaelied. 

\'arious  attenij)ts  have  been  made  in  the  past  to  improve  the  economy 
of  power  and  heating  plants  by  endeavoring  to  utilize  the  exhaust  steam 
from  the  receivers  of  compound  engines.  This  exhaust  is  bled  into  the  heat- 
ing system  and  the  deficiency  made  up  l>y  admitting  live  steam  into  the 
receiver  through  a  pressure-reducing  valve.  In  determining  the  advisability 
of  this  form  of  application,  the  ett'eet  of  the  relations  between  heating  and 
power  load  and  the  relative  proportion  of  the  cylinders  so  vitally  affects 
the  economy  that  in  each  instance  si)ecial  consideration  has  to  be  given  to 
all  elements  entering. 

The  Webster  Conserving  System  can  be  applied  to  this  problem.  In 
the  same  manner  that  the  conserving  valve  is  applied  to  conserve  the 
pressure  on  the  boiler  by  preventing  the  escape  of  its  steam  until  a  pertain 
predetermined  pressure  is  obtained,  it  can  be  applied  to  the  receiver  of  a 
compound  engine,  opening  and  admitting  steam  at  receiver  pressure  into 
the  heating  systenr,  when  the  pressure  on  the  receiver  exceeds  that  which 
is  necessary  for  the  proper  operation  of  the  low-pressure  cylinder,  and 
closing  when  the  receiver  pressure  drops  below  the  point  for  which  the  con- 
serving valve  is  set. 

The  quantity  of  steam  taken  from  the  receiver  is  made  up  by  changing 
the  cut-off  on  the  high -pressure  cylinder  so  that  the  high-pressure  side 
acts  as  a  pressure-reducing  valve  for  the  steam  recjuired  for  heating  purposes. 
In  expanding  from  boiler  pressure  to  the  receiver  pressure,  the  heat  energy 
given  up  in  the  expansion  is  converted  into  useful  mechanical  energy. 

By  means  of  the  Webster  Conserving  System  many  existing  power  and 
heating  plants  may  be  brought  to  efficiency  where  they  are  otherwise 
wasteful  of  steam. 

Webster  Hylo  Vacuum  System:  Where  a  number  of  Iniildings 
must  be  heated  from  a  detached  central  plant,  or  where  a  building  covers 
considerable  ground,  the  source  of  steam  supply  and  of  vacuum  cannot 
always  be  located  to  make  a  well-balanced  system. 

The  largest  building  in  the  group  may,  for  various  reasons,  be  farthest 
from  the  source  of  supply,  and  may  also  be  the  lowest  ])oint  in  the  system 
of  return  piping,  thus  making  it  doubly  difficult  to  secure  perfect  heating 
and  easy  return  of  condensation.  Nearby  points  may  be  favored  with 
unnecessary  pressure  difference. 

Attempts  have  been  made  to  solve  this  problem  by  running  the  supply 
and  return  mains  in  reverse  direction,  so  that  the  point  of  highest  pi-essure 
is  the  point  of  lowest  vacuum  and  inversely,  thus  maintaining,  in  some 
degree,  the  same  differential  between  supply  and  return  jjressures. 

Where  the  largest  building  is  at  a  low  point  away  from  the  source  of 
supply,  it  is  obviously  impracticable  to  solve  the  problem  in  this  way. 
Furthermore,  such  a  plan  does  not  allow  for  extensions  to  or  expansion  of 
the  plant,  unless  the  new  buildings  can  be  located  to  suit  the  piping 
scheme,  irrespective  of  the  manufacturing  need. 

This  problem  has  been  solved  with  unqualified  success  by  Webster 
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Fig.  13-5.  Connections  around 
Webster  Hylo  System  equip- 
ment where  the  low-vacuum 
return  main  drops  from  over- 
head and  discharffes  through 
a  Webster  Hylo  Trap  to  the 
high-vacuum  return  main 


Fig.  15-6.  Typical  installation 
of  Webster  Hylo  Trap,  Con- 
troller and  Gauges  where  high 
and  low-vacuum  returns  are 
on  the  same  level 


Connect  to  High 
Vacuum  Returns 


/      f^       WEBSTER 


Fig.  15-7.  Arrangement 
of  the  Webster  Hylo 
Controller,  Trap  and 
Gauges  where  the  low- 
vacuum  return  is  Ufted 
to  the  high-vacuum 
return 


Ilylo  Vaciuim  Controlling  Sots,  which  are  installed  at  certain  ])oinls  in  the 
retnrn  line  to  restrict  the  vacnnni  to  jnst  the  amonnt  necessary  for  proper 
circnlation  and  drainage  at  nearby  points  where  high  vacuum  is  not  needed. 
The  high  vacuum  is  carried  to  extreme  or  low  [)oints  where  high  vacuum 
is  required.  The  result  is  a  well-balanced  system  with  perfect  circulation 
in  all  parts. 

The  o])eration  of  the  vacuum  pump  is  also  im})roved  to  a  marked  extent 
as  the  degree  of  initial  vacuum  is  reduced,  making  it  unnecessary  to  use  or 
waste  cold  water  to  condense  the  vapors  arising  from  the  hot  water  returned 
under  high  vacuum.  Sometimes  smaller  i)umps  may  be  used,  or  the  pumps 
may  be  operated  at  slower  speed  with  less  wear  antl  tear. 

The  Webster  Hylo  Sets  consist  of  a  Webster  Ilylo  Trap,  a  Webster 
Ilylo  Vacuum  Controller.  Webster  Ilylo  Vacuum  Gauges,  and  when  needed, 
Webster  Lift  Fittings. 

Figures  15-5,  15-6  and  15-7  show  various  methods  of  comiecting  Webster 
llvlo  Sets  to  meet  different  building  conditions. 


CHAPTER  XVI 

Application  of  the  Webster  System  to  Lumber  and 
Other  Rihi  Drying  Problems 

PROPER  seasoning  and  drying  of  raw  lumber  is  a  first  essential  to  well- 
finished  products  in  any  wood-working  industry. 
This  basic  condition  makes  the  dry  kiln  or  room  a  most  important 
feature,  for  as  proved  by  experience  in  many  instances,  lumber  that  was  found 
defective  when  worked  would  have  been  satisfactory  if  proper  methods  had 
been  applied  for  drying.  Very  careful  attention  should  therefore  be  given 
to  the  design  of  the  drying  room,  the  character  of  apparatus  used  and  the 
heating  medium  employed. 

The  method  to  be  employed  in  drying  will  depend  entirely  upon  the 
condition  of  the  product  when  put  in  the  kiln.  Green  lumber,  or  lumber 
having  a  high  percentage  of  moisture,  will  require  a  different  method  of 
procedure,  and  a  longer  time  to  dry  than  lumber  which  has  been  air  dried. 
Hard  woods  such  as  oak  or  hard  maple  usually  require  a  longer  time  than 
soft  woods. 

Saw  mills  should  determine  the  percentage  of  free  moisture  by  test  and 
so  mark  each  pile  of  lumber  when  first  piled  in  the  yard.  Later,  when  it  is 
sold,  the  lumber  should  be  tested  again  and  the  two  records  given  to  the 
factory  or  other  purchaser. 

Factories  should  test  and  mark  the  lumber  when  first  received,  and  if 
it  is  piled  in  the  yard  to  be  kiln  dried  later,  it  should  be  tested  before  going 
to  the  kiln  and  again  before  removal,  these  records  being  placed  on  file. 

The  process  required  for  the  drying  of  lumber  in  kilns  is  properly 
divided  into  four  parts,  as  follows: 

F^irst:  The  primary  treatment,  during  which  all  dampers  are  closed, 
100  per  cent  humidity  is  maintained  and  the  stock  is  warmed  through 
without  drying. 

Second :  The  initial  drying  period,  during  which  the  conditions  of  tem- 
peratiu-e  and  humidity  within  the  kiln  are  advanced  sufficiently  to  reduce 
the  moisture  content  to  25  per  cent. 

Third:  The  intermediate  drying  period,  during  which  drying  condi- 
tions are  still  more  advanced  to  reduce  the  moistiu-e  content  to  10  per  cent. 

Fourth:  A  final  drying  period,  during  which  extreme  conditions  are 
used  to  further  reduce  the  moisture  content  to  the  percentage  desired. 

Improper  drying  methods  will  usually  result  in  one  or  more  of  the  fol- 
lowing conditions: 

(1)  Percentage  of  moisture  not  correct  for  working,  (2)  case  hardening, 
(3)  hollow-horning  or  honey-combing,  (4)  molding. 

The  operator  should  make  careful  test  readings  to  determine  the  mois- 
ture content  both  before  and  during  the  drying  of  the  lumber. 

Records  from  such  tests  will  give  data  on  which  to  base  his  treatment 
of  the  stock.     Tests  should  be  made  at  stated  intervals  of  48  to  72  hours 


during  tlio  dryino  jxTiod.  For  tliis  purpose  test  boards  from  which  samples 
may  be  taken  should  be  inserted  in  the  kiln.  \  good  solid  heavy  piece  as  a 
sample,  or  better  slill,  two  or  more  sections  out  of  as  many  different  boards 
taken  out  of  the  pile  one-third  tiie  distance  from  the  bottom,  will  yield  an 
average  or  representative  test  for  moisture  content.  Witii  two  or  more 
tests  for  moisture  showing  varying  results,  it  is  safer  to  use  readings  showing 
the  highest  moisture  content  rather  than  the  average  of  the  pieces. 

At  the  same  time,  tests  should  be  made  for  case  hardening.  If  the 
lumber  becomes  case  hardened,  it  practically  stojis  the  drying  process,  or 
at  least  slows  it  to  a  great  extent.  Frequently  this  results  in  hollow -horning, 
cupping,  internal  strains  and  many  other  evils  which  aifect  the  stock  through- 
out the  manufacturing  process. 

Almost  all  "working'"  which  occurs  in  furniture,  or  other  wood  articles, 
is  due  to  stresses  which  developed  in  the  wood  during  the  seasoning  period. 
These  stresses  may  be  determined  by  two  simple  tests  and  eliminated  before 
the  stock  leaves  the  kiln. 

The  manufacturers  of  the  different  makes  of  dry  kilns  furnish  detailed 
instructions  for  the  various  tests  on  which  the  successful  operation  of  their 
kilns  depend. 

The  final  condition  of  the  lumber  recjuired  in  different  factories  varies 
with  the  purpose  for  which  the  lumber  is  used.  For  instance,  in  wagon 
work,  many  manufacturers  do  not  use  lumber  containing  less  than  10  to 
12  per  cent  of  moisture;  in  auto  body  work,  for  open  bodies.  6  to  8  per  cent 
is  considered  proper;  for  closed  bodies,  5  to  6  per  cent.  Furniture  manufac- 
turers generally  dry  down  to  4  to  6  per  cent,  while  wheel  manufacturers 
dry  the  spokes  as  nearly  bone  dry  as  possible,  but  do  not  dry  the  felloes 
below  8  per  cent,  the  theory  being  that  when  the  wheel  is  made  the  spokes 
may  absorb  moisture  and  make  a  snug  lit. 

A  modern  kiln  is  usually  constructed  with  brick  side  walls  and  a  roof 
of  tile  or  cement  covered  with  roofing  felt,  tar  and  gravel.  The  doors  are 
of  special  design  to  allow  for  easy  loading  and  unloading,  and  to  prevent,  as 
much  as  possible,  air  leakage  and  loss  of  heat.  Ventilating  flues  are  provided 
in  the  side  walls  for  supplying  air  and  removing  same  as  desired. 

The  heating  medium  usually  employed  is  steam  at  varying  pressures, 
depending  upon  the  kiln  temperature  desired.  The  temperature  within 
the  kiln  is  controlled  by  means  of  a  thermostat  operating  a  valve  in  the  pipe 
supplying  steam  to  the  coils. 

A  system  of  steam  spray  pipes  is  provided  under  the  material  to  be  dried 
for  increasing  the  humidity  as  desired  and  to  assist  in  warming  the  stock. 
The  percentage  of  humidity  in  the  kiln  may  be  automatically  controlled  by 
means  of  a  humidistat  operating  a  valve  controlling  the  supply  of  steam  to 
the  spray  pipes. 

Where  steam,  whether  exliaust  from  engines  and  auxiliaries,  or  taken 
direct  from  the  boilers,  is  used  as  a  heating  medium,  the  success  of  the 
drying  equipment  depends  upon  the  manner  of  carrying  this  steam  to  the 
heating  units,  the  proper  drainage  of  the  supply  mains,  the  circulation  of 
the  steam  through  the  heating  units  and  the  removal  of  air  and  water  of 
condensation. 


All  manufacturers  of  dryin<i  equipment  utilizing  steam  as  a  heating 
medium  recognize  the  importance  of  these  features.  One  of  the  largest 
manufacturers  of  drying  equipment  in  the  United  States  says  in  its  book  of 
instructions : 

"Where  troubles  have  been  experienced,  investigations  have  shown  that 
they  are  generally  due  to  one  or  more  of  the  following  conditions: 

""Poor  steam  service. 

"Pressure  not  constant. 

"Wet  steam  due  to  improper  condensation  drainage. 

"Insufficient  steam  pressure. 

"Poor  drainage  from  traps. 

"  Improper  design  of  supply  and  drainage  piping. 

"Traps  allowing  steam  to  blow  through  into  the  main  drainage  line, 
holding  back  kiln  drainage. 

"Traps  on  heating  units  not  functioning  properly. 

"Traps  stopped  with  scale  or  dirt. 

"Trouble  is  often  caused  by  faulty  design  in  making  steam  connections 
to  kilns. 

"All  steam  lines  must  {)itch  in  the  direction  of  steam  flow.  Automatic 
drain  traps  must  be  provided  at  all  low  points  on  these  lines  in  order  that 
there  may  be  absolutely  no  condensation  lying  in  the  lines  at  these  places, 
and  that  steam  may  enter  the  kiln  dry  and  at  a  high  temperature.  Failure 
to  provide  proper  methods  of  drainage  will  result  in  reduced  volume  and 
temperature  of  steam  and  correspondingly  low  temperatures  and  poor  serv- 
ice in  dry  kilns."' 

The  important  features  in  connection  w  ith  the  steam  supply  and  drain- 
age system  can  be  enumerated  as  follows. 

(1)  Adequate  and  continuous  supply  of  steam.  Pressure  of  steam  con- 
stant and  sufficient  to  produce  the  required  temperature  within  the  kilns. 

(2)  Manner  of  conveying  steam  to  coils. 

(3)  Method  of  draining  main  steam  supply. 

(4)  Character  of  design  of  heating  units. 

(5)  Method  of  complete  and  rapid  air  removal  from  heating  units  and 
from  entire  return  system. 

(6)  Method  of  removal  of  condensation  from  heating  units. 

(7)  System  of  drainage  piping. 

(8)  Ultimate  disposal  of  water  of  condensation  and  of  air. 

(9)  Adequate  and  continuous  pitch  of  pipes  throughout  the  entire 
length  of  the  coil. 

Items  one,  seven  and  eight  will  be  governed  materially  by  the  condi- 
tions existing  at  the  plant  where  kilns  are  to  be  used,  and  as  these  conditions 
vary  with  the  character  of  the  plant,  this  discussion  will  be  limited  to  the 
requirements  of  the  kiln  only. 

The  pressure  of  steam  supply,  so  far  as  the  operation  of  the  kiln  is  con- 
cerned, will  depend  upon  the  temperature  required  w  ithin  the  kiln.  If  a 
maximum  kiln  temperature  of  not  more  than  150  deg.  fahr.  is  required,  satis- 
factory results  can  be  obtained  by  the  use  of  exhaust  steam  from  engines 
and  auxiharies  at  a  pressure  not  to  exceed  13  i-l'^-  ga^g^-     The  same  results 
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A  Typical  Elevation 


;jko:v<:A»yg^R: 


A  Typical  Plan 

Fig.  16-1.     Sections  throush  a  typical  dry  kiln  with  coils  of  the  continuous-header  type  using  Webster 
Heavy-duty  Traps  for  drainage  and  Webster  Return  Traps  for  removal  of  air  from  return  headers 
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will  be  obtained,  of  course,  by  using  steam  direct  from  the  boiler,  reduced 
to  a  corresponding  pressure  by  means  of  reducing  valves.  It  is  very  impor- 
tant to  place  a  relief  valve  on  the  low  pressure  side  of  the  reducing  valve  to 
prevent  rise  of  steam  pressure  to  a  point  \vh(>re  there  is  a  liability  of  injur- 
ing the  thermostatic  return  traps.  The  details  are  sliown  in  Fig.  22-3, 
Page  216. 

Where  temperatures  greater  than  160  deg.  fahr.  are  required  it  will  be 
necessary  to  increase  the  pressure  of  the  steam  accordingly.  In  good 
practice  the  temperature  of  the  steam  nuist  not  be  less  than  60  degrees 
higher  than  the  temperature  desired  in  the  kiln. 

The  size  of  the  steam  supply  mains  will  depend  upon  the  volume  of 
steam  to  be  delivered,  and  the  drop  in  pressure  allowable.  This  may  be 
determined  with  the  help  of  the  tables  in  Chapter  11  in  this  hook  after  a 
decision  lias  been  reached  as  to  the  total  heat  requirements  of  the  kiln  and 
the  distance  of  the  kiln  from  the  source  of  steam  supply.  The  same  prin- 
ciples apply  for  the  installation  of  steam  mains  to  the  kilns  as  would  apply 
for  the  installation  of  steam  mains  for  any  other  purpose. 

Extreme  care  should  be  given  to  the  drainage  of  the  steam  main  at  the 
point  of  entrance  to  the  kiln.  It  is  advisable  that  water  of  condensation 
from  the  main  shall  be  relieved  from  the  bottom  into  the  return  and  that 
steam  for  kilns  shall  be  taken  from  the  top  of  the  main  rather  than  to  allow 
the  condensation  to  drain  through  the  coils.  The  supply  main  may  enter 
the  kiln  from  a  point  above  the  coils  used  for  heating,  or  from  lielow  them. 

Manufacturers  of  drying  equipment  have  devised  numerous  types  of 
heating  units  but  practically  all  have  standardized  on  those  constructed  of 
pipe.  The  coils  are  placed  either  vertically  along  the  side  walls  of  kiln,  or 
horizontally  in  a  space  provided  underneatli  the  material  to  be  dried.  In 
the  latter  instance  they  are  usually  installed  in  a  horizontal  position,  although 
some  manufacturers  prefer  coils  placed  vertically.  The  advantage  of  more 
equal  heat  distribution  is  claimed  for  the  large  unit  laid  horizontally,  but  this 
is  not  fully  realized  unless  the  removal  of  air  and  condensation  is  complete. 

With  coils  having  short  vertical  headers,  say  10  pipes  high,  it  is  very 
important  to  seciu-e  an  equal  distribution  of  steam  to  all  of  the  pipes.  The 
internal  diameter  of  the  supply  header  should  be  ample;  2i2-ii^-  i^^  none 
too  great.  It  is  very  important  not  to  locate  the  inlet  in  such  a  position 
that  steam  will  enter  those  pipes  directly  in  front  of  it  and  passing  tlirough 
to  the  return  header,  tend  to  pocket  the  air  in  the  other  pipes.  The  re- 
moval of  air  will  be  very  sluggish  and  meanwhile  the  efficiency  of  the  whole 
coil  will  be  low.  A  deflector  placed  within  the  header  in  front  of  the  inlet 
will  improve  the  steam  distribution.  A  nuich  better  method  is  to  have 
more  than  one  inlet.  These  additional  supply  connections  will  also  reduce 
materially  the  velocity  of  the  entering  steam. 

Figs.  22-21  and  22-22.  on  Page  220,  show  methods  of  splitting  up  the 
return  header  into  two  parts,  for  coils  of  more  than  10  pipes,  when  there  is 
a  liability  of  air  binding. 

\\  itli  horizontal  headers,  particularly  where  of  some  length,  the  in- 
ternal diameter  should  be  large  and  the  number  and  location  not  only  of 
supply  openings  but  also  of  return  and  air  vent  outlets  should  be  selected 
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with  great  care,  so  as  to  ensure  unifonii  (listril)ulion  of  steam  and  complete 
removal  of  air  and  water. 

Practical  experience  has  demonstralcd  thai  incomplete  removal  of  air 
and  condensation  has  caused  unequal  heat  distribution  throughout  the 
kiln  as  well  as  a  drop  in  temperature  of  from  20  to  50  per  cent.  The  air 
must  not  only  be  removed  from  the  coils  but  also  must  be  rapidly  and 
completely  eliminated  from  the  return  system  and  discharged  outboard. 

The  selection  of  the  proper  type  of  trap  to  be  used  in  any  given  case 
depends  upon  the  steam  pressure  which  it  is  necessary  to  carry  on  the  coils 
to  secure  the  requisite  heating  effect,  the  quantity  of  water  which  the  trap 
must  handle,  the  temperature  of  the  room  in  which  the  trap  is  installed, 
the  pressiu-e  in  the  discharge  line  and  the  disposition  to  be  made  of  the 
products  of  condensation. 

A  continuous  and  uniform  steam  pressure  of  not  over  3  to  5  lb.,  a 
moderate  and  uniform  quantity  of  condensation  to  be  handled,  and  a  tem- 
perature of  not  over  80  deg.  in  the  space  where  the  traps  are  located,  are 
the  most  favorable  conditions  for  the  successful  operation  of  low  pressure 
thermostatic  traps.  They  should  not  be  employed  where  the  temperature 
refiuiremeuts  of  the  kiln  necessitate  carryitig  a  continuous  steam  pressure  which 
approaches  closely  the  allowable  maxinnun  pressure  of  the  trap.     Traps  on  high 


Plan 
Fig.  16-2.     Typical  section  througli  a  dry  kiln  using  coils  of  the  sectional-header  type 
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Ellevation 


Fig.  16-3.     Sectional  drawings  of  a  typical  small  dry  kiln  using  individual  retiu-n  traps  for  drainage  of  coils 


pressure  steam  drips  inusi  never  he  permitled  lo  discharge  direclly  into  Ike 
relurn  pipe  near  the  Ihermoslalic  traps  on  account  of  the  tial)ility  of  l)ack 
pressure  or  water  hanuner.  "I'lic  conneclion  slioiild  l)o  made  at  a  point  be- 
yond tlie  traps,  pUuinji  a  clicck  valve  in  the  tlicnnostatic  trap  return  to 
prevent  back  pressure  therein  and  in  addition  means  should  be  employed 
for  disposing  of  the  high  temperature  vapor  as  shown  in  Fig.  20-2.  Pag(>  203. 

The  types  of  heating  units  w  Inch  are  universally  used  and  the  manner 
of  applying  the  Webster  specialties  for  proper  air  removal  and  drainage  of 
condensation  are  shown  in  Figs.  16-1  to  16-1  inclusive.  Attention  is  called 
to  the  importance  of  providing  a  dirt  strainer  for  the  drain  connection  to 
each  trap.  Both  the  traps  and  strainers  should  be  readily  accessible. 
Where  thermostatic  traps  are  used  they  sitould  tie  located  where  they  ivill  not 
he  affected  t)y  the  high  temperatures  of  the  kiln.  This  is  usually  accomplished 
by  extending  drain  connections  to  the  extreme  front  or  rear  of  the  kiln  and 
placing  the  traps  near  ihe  floor. 

On  small  units  as  shown  in  Figure  16-3.  where  thermostatic  traps  are 
used,  additional  provision  for  the  removal  of  air  is  unnecessary,  but  where 
a  large  volume  of  condensation  accumulates,  additional  provision  for  air 
removal  is  essential  and  heavy-duty  traps  should  be  used.  Where  the  heating 
unit  is  of  the  continuous  header  type  as  shown  in  Figure  16-1  the  air  removal 
can  lie  accomplished  by  the  use  of  heavy-duty  traps  equipped  with  a  ther- 
mostatically actuated  air  bypass  within  the  trap  and  by  means  of  additional 
thermostatically  actuated  air  traps  connected  into  the  top  of  the  main 
return  header,  as  shown  in  Figures  16-1.  16-2  and  16-1.  The  number  and 
location  of  these  air  traps  is  governed  by  the  length  and  design  of  the  main 
return  header.  The  outlets  of  these  air  retiu'u  traps  should  ])e  connected 
into  the  main  vacuum  return  line  beyond  the  discharge  connection  of  the 
heavy-duty  trap. 

Where  heavy-duty  traps  are  used  there  should  be  a  drop  leg  of  from 
8  to  10  inches  between  the  outlet  on  the  return  header  and  the  traj)  inlet. 

Where  it  is  desired  to  drain  the  condensation  from  two  or  more  coils 
to  one  heavy-duty  trap,  or  where  the  return  header  of  the  coils  is  of  special 
construction  divided  into  two  or  more  sections  and  the  condensation  from 
all  sections  is  drained  by  one  trap,  it  is  essential  for  the  proper  removal  of  air  to 
equip  each  return  lieader,  or  each  section  of  the  return  header,  with  a  ther- 
mostatically actuated  return  trap.  The  outlets  of  these  traps  should  be 
connected  into  the  main  vacuum  return  line  in  the  same  manner  as  de- 
scribed above. 

Pipe  coils  and  return  pipe  connections  to  traps  must  have  a  sharp 
downward  jjitch  their  entire  length  in  the  direction  of  the  flow  of  conden- 
sation. The  coil  sup])orts  must  be  of  a  permanent  character  and  so  arranged 
that  any  subsequent  settlement  of  the  kiln  structure  will  not  affect  the 
pitch  of  the  jiipes. 

The  discharge  from  all  heavy-duty  traps  and  thermostatically  actuated 
return  traps  used  in  connection  w  ith  kilns  may  be  connected  into  a  com- 
mon return  line,  but  it  is  preferable  that  this  return  line  from  kilns  shall 
be  extended  independently  from  the  kilns  to  the  vacuum  pump,  rather  than 
to  connect  it  into  returns  from  the  heating  svstem  of  the  manufacturing 
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plant  or  other  equipment.  The  condensation  rate 
from  the  kihis  will  tluetuate,  depending  upon  the 
temperature  within  the  kiln,  the  nature  and  con- 
dition of  the  product  being  dried  and  the  outside 
temperature.  Consequently,  at  times  when  the 
air  removal  and  condensation  rate  from  the  kilns 
is  high,  trouble  may  be  experienced  with  the 
operation  of  other  equipment  if  connected  to  the 
same  return  line.  Also,  if  the  same  efficient 
equipment  is  not  used  in  connection  with  the 
heating  system  or  other  equipment,  as  is  used  in 
connection  with  the  kilns,  the  poor  operation  of 
the  heating  system  or  other  equipment  will  natur- 
ally reflect  in  unsatisfactory  operation  of  the 
kilns. 

The  amount  and  location  of  radiation  in- 
stalled w  ithin  the  kiln  will  depend  upon  the  loca- 
tion of  the  kiln,  the  temperature  desired  within 
the  kiln,  the  steam  pressure,  and  nature  of  pro- 
duct to  be  dried.  This  constitutes  a  special 
branch  of  engineering  and  engineers  thoroughly 
familiar  with  this  class  of  work  should  be  con- 
sulted. 

The  method  for  figuring  the  total  radiation 
required  by  a  given  dry  kiln  will  not  \ary  from  the 
descriptions  given  in  detail  in  Chapter  .5,  except 
that  during  the  warming-up  period  an  additional 
heat  factor  is  required  to  care  for  the  moisture 
content  of  the  lumber  or  other  material  being 
dried. 

Much  of  the  general  information  on  lumber  drying  was  furnished  for 
this  Chapter  by  the  National  Dry  Kiln  Co.,  of  Indianapolis,  Ind. 


Fig.  16-1.  Showing  the  connec- 
tions where  two  or  more  coils  are 
drained  through  one  Webster 
Hea\-y-duty  Trap 


CHAPTER  XVII 

Application  of  the  Webster  System  to  Slashers 
and  to  Cloth  and  Paper-drying  Apparatus 

SLASHERS  are  used  in  the  textile  industry  for  sizing  and  drying  warps 
I  or  yarns  before  they  are  placed  in  looms  to  be  woven  into  cloth.  In 
these  machines,  steam  is  supplied  usually  to  two  cylinders,  of  5  and 
7  ft.  diameter,  over  which  the  yarn  passes  to  be  dried  after  sizing. 

Ordinarily  the  steam  supply  and  the  drainage  connections  are  on  op- 
posite heads  of  the  cylinders,  the  connections  passing  through  the  cored 
shafts  upon  which  the  cylinders  revolve.  Steam  is  carried  through  the 
mains  to  the  slasher  at  about  80-lb.  pressvu'e  and  before  it  enters  the 
cylinders  is  reduced  to  between  5  and  12-11).  per  sq.  in.  by  a  pressure-reducing 
valve.  The  steam  pressm-e  in  the  cylinders  of  course  always  must  be  above 
that  of  the  atmosphere  as  the  rapid  drying  of  the  materials  demands  that  the 
surface  temperature  of  the  cylinders  shall  be  above  the  atmospheric  boiling 
point. 

Owing  to  the  light  weight  of  the  metal  used  in  the  construction  of 
slashers,  vacuum  breakers,  usually  tliree  in  number,  are  provided  in  the 
head  of  the  discharge  side  of  eacli  cylinder.  These  open  when  a  partial 
vacuum  occurs  in  the  cylinder  and  prevent  collapse  of  same. 

The  condensation  is  raised  to  its  point  of  removal  from  the  slasher  by 
means  of  troughs  or  buckets,  usually  three  in  number,  attached  to  the  in- 
side cylindrical  surface.  A  pipe  attached  to  each  bucket  carries  the  conden- 
sation to  the  hollow  cylinder  shaft  and  thence  through  the  bearing  to  the 
outside.  From  there  the  condensation  goes  through  the  Webster  Traps, 
etc.,  to  the  point  of  disposal. 

The  Webster  System  for  draining  slashers  provides  the  most  efficient 
drying  effect  with  least  attention  to  the  drainage  equipment.  It  has  suc- 
ceeded in  overcoming  entirely  the  frequent  delays  and  slowing  down  of  the 
manufacturing  processes  previously  experienced  with  other  devices. 

As  will  be  seen  in  Figure  17-1,  each  cylinder  is  equipped  with  a  Webster 
Return  Trap,  a  Webster  Dirt  Strainer  and  a  bull's-eye  sight  glass. 

The  Webster  Return  Trap  permits  the  free  passage  of  air  and  water 
and  closes  against  the  discharge  of  steam.  The  Webster  Dirt  Strainer 
protects  the  trap  from  dirt  and  the  sight  glass  enables  the  operator  to  see 
whether  or  not  tiie  drainage  system  is  functioning. 

A  bypass  is  provided  around  the  drainage  apparatus.  When  starting 
up,  the  bypass  may  be  opened  for  a  few  minutes  to  permit  the  quick  dis- 
charge of  air.  After  starting,  the  slasher  is  drained  automatically  tlirough 
the  Webster  equipment. 

A  pressure  sufficiently  above  that  of  the  atmosphere  must  be  carried 
in  the  cylinder  to  dry  the  goods  and  this  is  sufficient  to  discharge  the  con- 
densation and  air  through  the  Webster  Trap,  if  free  vent  to  atmosphere  is 
maintained.     There  is  no  advantage  in  connecting  the  discharge  of  the  traps 


to  a  vacuuiu  pump  if  sufficient  vertical  distance  is  available  to  allow  a  proper 
fall  for  the  condensate  to  How  by  i>ravity  to  an  open  receptacle. 

The  condensation  rate  with  this  type  of  slasher  will  \ar\  from  400  to 
600  lb.  per  hr. 

One  of  the  best-known  American  manufacturers  of  slashers  states  in 
his  catalog: 

"We  strongly  recommend  the  use  of  Warren  Webster  &  Co.'s  appara- 
tus for  slasher  drainage. 

"Steam  traps  can  be  furnished  if  desired  but  we  reconnuend  the  use  of 
the  Webster  System  in  preference,  as  higher  economy  will  certainly  maintain 


To  Drain 

Fig.  17-1.     Typical  application  of  VAebster  Apparatus  to  a  slasher 
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a  hifilier  rate  of  j)ro(lii('tioii  and  its  siinplicity  lessons  the  liability  of  stoppage 
to  which  a  system  of  steam  traps  is  apt  to  be  subject  after  a  few  years  of  use. 
"  The  Webster  System  as  compared  with  a  steam-trap  system  insures 
steady,  instead  of  intermittent,  drainage  and  practically  an  entire  absence 
of  condensation  in  the  cylinder  with  all  consequent  advantages." 

Cloth  and  Warp  Drying  Machines:  Except  in  details,  the  process 
of  draining  drying  machines  of  both  vertical  and  horizontal  types  is  the 
same  as  for  slashers. 

Each  cylinder  is  provided  with  troughs  or  buckets  which,  as  the  cylinder 
revolves,  empty  through  a  pipe  to  a  hollow  shaft  and  through  the  journal 
to  the  return  duct. 


"   Connect  to  Hot  Well,  or  Drain  independently 

Fig.  17-2.     Application  of  the  Webster  Apparatu.s  to  a  vertical  drying  machine 

A.  Solid  copper  gasket  inserted  between  bracket  and  housing.  A  copper  gasket  having  hole  equal 
in  arei>  to  tliiit  in  I  lie  bracket  must  also  be  placed  between  the  bracket  and  housing  on  the  inlet  side  to 
keei>  cyliiidiT  Mliniinicnt  true.  B.  Gate  valve.  C.  Webster  Dirt  Strainer.  D.  Webster  Return  Trap. 
E.  \A  ebster  Bidl's-cye  Sight  Glass 


Fig.  17 
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The  housings  of  the  machine  and  the  brackets  supporting  the  cyhnders 
are  cored  to  provide  ducts  for  conveying  steam  to  the  cyhnders  and  con- 
densation away  from  them.  The  frame  on  one  side  acts  as  a  supply  pipe 
-while  that  on  the  other  side  acts  as  a  return.  Steam  at  a  pressure  of  15 
lb.  per  sq.   in.  or  less  is  admitted  to  the  housing  and  passes  through  the 
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WEBSTER   OiRT  STRAINER 
WEBSTER  HEAVY  DUTY  TRAP 

Fig.  17-4.     Application  of  the  Webster  System  to  a  paper  machine  where  there  is  a  common  return 
Une  for  all  cyhnders  with  air  removed  separately  from  each  cyhnder 


brackets  and  the  journals  to  tlie  fylin(l(TS.  To  prevent  collapse,  vacuum 
breakers  are  installed  in  the  cylinder  heads,  usually  on  the  discharge  end. 

Frequently  it  is  advisable  to  make  two  or  three  S(^parate  steam  sujjply 
connections  to  each  housing,  as  the  area  of  the  cored  opening  in  housing  is 
too  small  to  convey  the  required  amount  of"  steam  without  too  great  a  pres- 
sure drop. 

The  duct  in  the  housing  through  which  the  products  of  condensation 
pass  can  best  be  drained  by  the  use  of  one  or  more  Webster  Heavy-duty 
Traps  provided  with  thermostatically  controlled  air  by-pass. 

Paper  Machines:  Two  types  of  machines  of  particular  interest  are 
used  in  the  manufacture  of  paper,  cyhnder  machines  and  Fourdrinier 
machines.  Both  require  the  evaporation  of  large  quantities  of  w  ater  from 
the  paper  after  the  pulp  has  been  pressed  and  the  web  has  formed. 

After  passing  through  the  presses  the  paper  usually  contains  about  45 
per  cent  of  water.  This  moistiu-e  is  reduced  to  about  5  per  cent,  depending 
upon  the  thickness  of  sheet  and  the  finish  desired,  by  passing  the  paper 
over  a  series  of  drying  cylinders,  the  inside  surfaces  of  which  are  heated  by 
either  exhaust  or  live  steam  at  low  pressure  or  a  combination  of  the  tw  o. 

Usually  the  steam-supply  header 
runs  parallel  with  the  machine,  close 
to  the  floor,  a  hole  being  bored  in  the 
header  and  connected  by  a  pipe  to  the 
cored  journal  on  the  cylinder. 

The  retiu-n  header  runs  either 
above  or  below  the  steam  header  and 
has  the  same  kind  of  connections  as 
the  supply. 

The  drying  cylinders  vary  in  size 
and  length.  For  the  purpose  of  re- 
moving the  water,  one  type  of  cyhnder 
is  equipped  w  ith  buckets  and  another 

FiK.    17-5.     Method   of   draining   cylinder   of   a  with   what    is   termed    a  sipllOn  pipe, 

paper   machine   using  Webster   Return   Trap   and  Tvlinrlprc  Pfininnprl  witli  liiipl-pt«  rliQ 

Webster    Dirt    Strainer.     These    connections    are  V--\lmaerS  CqUippca  Willi  JHlCkClS  CllS- 

suitable  for  operation  with  either  vacuum  or  gravity  charge   the    Condensation    Ollly    wlieU 

^°  "^'^  in  motion,  while  those  equipped  with 

siphon  pipes  discharge  whenever  water  accumulates,  provided  there  is  suf- 
ficient pressure  in  the  cylinder  or  vacuum  in  the  return  line  to  give  the  neces- 
sary differential. 

The  condensation  per  square  foot  of  exposed  drying  surface  of  the 
cylinders  depends  upon  the  speed  of  operation  and  the  thickness  and  w  idth 
of  the  paper  on  the  cylinders.  The  stock  from  which  the  paper  is  made, 
together  with  the  amount  of  water  extracted  by  the  press  rolls,  also  has  a 
direct  bearing  upon  steam  consumption.  The  condensation  will  average 
about  1^4.  lb-  P^r  sq.  ft.  of  total  roll  surface  and  naturally  is  greatest  at  the 
wet  end  of  the  machine. 

The  drainage  from  the  cylinders  may  be  removed  either  by  gravity  or 
by  means  of  a  vacuum  pump,  whichever  is  desirable. 

Usually  with  the  Webster  System  of  drainage,  a  Webster  Return  Trap 
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Fig.  17-7.  Method  of  draininp  cylinder  of  paper 
machine  for  Rravity  discharge  wliere  a  water  line 
i.s  to  be  maintained,  using  Wdisler  Heavy-duty 
Trap  with  balanced  stiaiu  oiMinvlidn,  Webster 
Dirt  Strainer  and  a  Webster  Return  Trap  for  vent 
discharging  into  dry  returns 


Fig.  17-6.  Method  of  draining  cylinder  of  a  paper 
machine  using  Webster  Heavy-duty  Trap  and  Web- 
ster Dirt  Strainer 

with  its  Webster  Dirt  Strainer  and  l^ypass  is  provided  for  each  cyhnder  as 
shown  in  Figures  17-3  and  17-5.  All  traps  discharge  into  a  main  return 
whicli  leads  to  the  point  of  disposal,  which  is  a  feed-water  heater  or  hotwell, 
open  to  the  atmosphere  for  the  removal  of  air. 

Webster  Heavy-duty  Traps  are  sometimes  used  instead  of  Webster 
Return  Traps  (Figure  17-6)  especially  where  the  presence  of  a  water  line  is 
desirable  in  the  return  (See  Figure  17-7). 

The  reader  is  referred  to  Page  181  for  a  complete  discussion  of  the 
selection  of  the  proper  type  of  trap  and  the  precaution  which  should  be 
observed  where  thennostatic  traps  are  used. 


CHAPTEU  XVIII 


Application  of  the  Webster  System  to  Railroad 
Terminals  and  Steamship  Piers 

THERE  are  many  uses  for  thermostatically  actuated  return  traps  where 
the  pressures  carried  are  greater  than  in  heating-system  work.  In- 
stances involving  operation  under  steam  gauge  pressures  of  from  15  to 
100  lb.  are  described  in  this  and  following  chapters. 

The  requirement,  in  all  cases,  is  that  the  return  trap  siiall  discharge 
llie  water  and  air  of  condensation  without  waste  of  steam  and  that  the  fix- 
liire  being  heated  shall  be  maintained  at  maximum  efficiency. 

In  these  special  installations,  certain  fundamentals  must  be  observed 
to  secure  successful  operation.  The  first  requires  that  I  he  ihernioslaiically 
uduated  traps  must  discharge  directly  to  the  atmosphere  or  to  a  return  line  in 
which  atmospheric  pressure  is  maintained. 

This  latter  condition  may  be  obtained  by  venting  the  return  line  free 
tt)  the  atmosphere.  In  some  cases  the  same  result  is  secured  by  discharging 
the  returns  into  a  flash  tank,  the  vent  of  which  is  connected  to  the  low-pres- 
sure heating  main,  while  the  condensation  is  cared  for  through  the  usual 
type  of  return  traps  to  the  vacuum  return. 

Railroad  Terminals — One  of  the  greatest  causes  of  delay  in  the  daily 
movement  of  hundreds  of  trains  into  and  out  of  terminals  where  there  is 
freezing  weather  is  the  difficulty  in  keeping  switches  clear  of  snow  and  ice. 

Many  terminals  have  therefore  adopted  the  method  (Figure  18-1)  of 
placing  steam-heating  coils  between  the  ties,  under  the  switches.  Due  to 
the  unusual  exposure,  these  coils  and  their  supply  lines  are  operated  under 
60  to  80-lb.  gauge  pressure  in  order  to  prevent  freezing.     The  dripping  of 


Sheel  SleJl  fjslened 
10  Top  and  End  ol  Ties 

Fig.  18-1.     Steam  coil  arrangement  for  prevention  of  freezing  of  railroad  switches 
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these  lines  and  coils  pre- 
sents a  donble  problem: 
First,  water  and  air  of  con- 
densation must  be  freely 
discharged  onto  the  road- 
l)ed.  and  Second,  condensa- 
tion must  not  form  steam 
clouds  that  might  obscure 
nc^arby  switch  signals. 

A  type  of  thermostat- 
ically actuated  return  trap 
which  answers  these  re- 
([uirements  has  been  devel- 
oped by  Warren  Webster  & 
(^.ompany  after  many  tests 
and  experiments.  This  re- 
tiun  trap  is  fitted  with 
-\Ionel-metal  seats  and  valve 
pieces  to  withstand  the  wire- 
drawing effects  of  steam  at 
high  pressure  differential. 
The  thermostatic  member 
is  placed  on  the  outboard 
or  atmospheric  side  of  the 
trap,  and  as  the  trap  is 
generally  placed  in  the  rock  ballast  of  the  road  bed,  its  exterior  is  usually 
given  a  special  finish  to  give  it  protection  against  the  elements.  (See  Page  275.) 
Railroad  terminals  are  also  equipped  with  extensive  systems  of  water 
lines  for  fire  protection  purposes  and  these  lines,  too,  must  be  kept  from 
freezing.  The  method  of  prevention  (Figure  18-2)  found  most  satisfactory 
is  to  run  a  steam  line,  carrying  from  60  to  80-lb.  gauge  pressure,  parallel 
with  and  close  enough  to  each  water  line  that  both  steam  and  water  lines 
can  be  encased  in  the  same  insulating  covering.  Where  the  water  lines 
terminate,  as  at  hydrant  and  hose  gate  outlets,  the  same  dripping  of  the 
steam  lines  and  the  same  thorough  removal  of  condensation  with  absence  of 
steam  cloud  are  required  as  with  the  yard  switches. 

The  same  type  of  return  trap  is  used  in  both  cases. 

Steamship  Piers:  Steamship  piers  in  cold  climates  are  somewhat 
similar  to  railroad  terminals  in  that  the  fire  lines  must  be  protected.  In  ad- 
dition, heat  is  required  for  a  large  number  of  small  enclosures  scattered 
throughout  for  housing  the  pier  clerks. 

Piers  are  so  built  that  water  of  condensation  from  coils  heating  water 
lines  and  clerk  houses  cannot  be  easily  returned.  The  practice  is  to  dis- 
charge the  condensation  overboard  through  the  pier  deck.  The  return  traps 
must,  therefore,  keep  the  lines  clear  of  condensation  to  avoid  possibility  of 
freezing  and  at  the  same  time  avoid  waste  of  uncondensed  steam. 

Webster  Return  Traps  of  similar  construction  to  those  previously 
described  for  railroad  terminals  are  successfully  used  for  this  work. 


Fig.  18-2.  Method  for  prevention  of  freezing  of  fire  protection 
lines.  The  water  and  steam  pipes  are  encased  in  the  same  insula- 
tion and  the  steam  pipe  is  drained  by  a  thermostatic  return  trap 


CIlArTKH  XIX 

Applications  of  the  Webster  System  to  \  ncuuin 
Pans  and  Similar  Apparatus 

IN  processes  of  luanufaeture  where  Ijoiling  of  tlie  product  at  a  low 
leniperature  is  desirable,  a  si)eeial  ai)plicali()ii  of  the  Webster  System 
lias  been  devised  for  removing'  air  and  water  of  condensation. 

One  of  the  inijiorlant  uses  for  vacuum  pans  is  in  the  milk-condensing 
industry  and  in  the  followino;  pages  this  particular  application  of  the  \\  ebster 
System  is  discussed.  However,  the  principles  and  the  Webster  a})paratus 
are  equally  applicable  to  other  ])rocesses  such,  for  instance,  as  tht»  manu- 
facture of  sugar,  salt,  candy  or  tartaric  acid. 

The  development  and  growth  of  the  milk  industry  has  reached  a  point 
in  the  last  few  years  where  it  is  now  necessary,  due  to  keen  competition,  to 
use  not  only  the  most  modern  and  efiicient  machinery  in  the  process  of  milk 
treatment,  but  to  install  modern  ])ower  equipment  and  a  perfect  system 
of  steam  circulation  in  order  to  insure  the  connnercial  elliciency  of  the  plant. 

It  is  essential  that  each  pound  of  steam  (live  or  exhaust)  shall  do  the 
maximum  of  useful  work  and  that  all  water  of  condensation  shall  be  returned 
to  the  boiler. 

There  are  numerous  uses  for  exhaust  steam  in  the  modern  condensory, 
such  as  heating  of  boiler  feed  w  ater,  heating  of  w  ater  for  general  use  and  in 
the  heating  system  of  the  Imilding.  but  as  a  rule  these  require  only  a  small 
portion  of  the  amount  of  steam  available  from  the  exhausts  of  the  engine, 
compressors,  pumps,  etc. 

In  a  condensory  of  say  100,000-11).  cajjacity  of  milk  daily,  there  w  ill  be 
available  at  least  200  hp.  of  exhaust  steam,  not  over  20  per  cent  of  which  is 
required  for  any  of  the  above  uses.  The  remaining  160  hp.  of  exhaust  steam 
is  available  for  use  in  the  vacuum  pans. 

The  usual  practice  in  the  past  has  l)een  to  use  live  steam  in  the  heating 
coils  of  the  vacuum  pan  at  a  pressure  of  about  15  to  20-lb.  gauge,  reducing 
to  this  ])ressure  from  the  high-pressure  mains.  Very  often  excess  exhaust 
steam  from  the  engines  has  been  wasted  to  the  atmosphere,  being  considered 
a  by-product  of  the  engine  room  w  ith  little  value  excepting  for  its  uses  in  the 
boiler  room.  Exhaust  steam  at  .5-lb.  gauge  pressure  contains  about  88  per 
cent  of  the  heat  content  of  the  live  steam  used  to  develoj)  i)()wer  and  is  as 
effective  in  the  vaciuun  jjan  coils  as  live  steam  reduced  to  the  same  jiressure. 

To  make  use  of  exhaust  steam  at  5-lb.  gauge  pressme  where  live  steam 
was  used  in  the  vacuum-pan  coils,  only  slight  changes  are  necessary.  Oc- 
casionally the  sizes  of  coil  connections  must  be  increased  to  the  size  of  the 
coils  themselves  and  where  the  steam  j)ressure  is  decreased,  a  slight  addi- 
tional amount  of  heating  surface  in  the  coils  will  be  required  on  account  of 
the  lower  temperature  of  the  steam  at  this  pressure.  In  some  plants  where 
exhaust  steam  has  been  substituted  for  live  steam  without  changes  in  the 
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Fig.  19-1.     Milk  condenser 


heating  surfaces,  a  slight  ackUtional  time  was  required  to  condense  the  batch 
of  milk.     In  most  cases  tliis  increase  was  not  more  than  ten  minutes. 

Tlie  usual  control  valve  connections,  that  is,  the  double  globe  valve  and 
a  gauge  attached  to  each  coil  connection,  will  be  the  same  for  use  with  the 
exliaust  steam  as  with  the  live  steam. 

The  return  connections  for  use  with  the  e.vhaust  steam  are  very  simple. 
A  single  ^^  ebster  High-differential  Heavy-duty  Trap  (see  page  249.  Chapter 
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21),  with  a  byj)ass.  is  coiinoctod  lo  each  coil  outlet.  Those  traps  discharge 
to  tlie  return  main  leading  to  a  vacuum  pump  in  the  boiler  room.  It  is 
essential  that  each  coil  shall  he  drained  separately  into  the  vacuum  return 
main  in  order  that  the  pan  operator  may  have  ah.solute  control  of  the  stoam 
pressure  in  each  individual  coil. 

It  is  necessary  when  condensing  milk  to  vary  the  pressure  in  tli(>se  coils 
at  will.  In  some  instances  the  pressure  in  certain  coils  must  he  reduced  to 
atmosphere,  while  the  pressure  in  other  coils  is  increased  to  as  much  as  5 
Ih.  per  square  inch  in  order  to  cause  a  positive  circulation  of  milk  within  the 
pan.  Without  this  ])ositive  control  of  circulation  it  is  impossible  for  the 
pan  operator  to  properly  mani])ulate  the  process. 

It  is  also  imperative  that  the  water  and  air  of  condensation  shall  be  re- 
moved innnediately  from  the  coils  of  the  vacuum  pan  and  that  this  shall  be 
accomplished  indei)endently  of  any  conditioTis  which  may  affect  the  opera- 
tion of  the  general  exhaust  steam  system  in  the  plant. 

It  is  advisal)le  to  use  an  independent  pump  and  return  line  for  the  vacu- 
um pans  and  not  to  depend  upon  other  similar  equipment  which  may  be 
used  for  heating  the  building.  The  ri^turn  line  should  have  a  gradual  gravity 
pitch  to  the  vacuum  pump  and  should  be  so  arranged  with  by-passes  and 
valves  that  in  case  the  vacuum  j>ump  should  become  inoperative  for  any 
reason  the  return  condensation  may  be  discharged  by  gravity.  There  must 
necessarily  be  no  pockets  of  any  nature  in  this  return  line. 

A  maintained  vacuum  of  6  to  8  in.  at  the  outlet  of  the  trap  is  usually 
sufficient  to  insure  at  all  times  a  positive  circulation  of  steam  and  the  in- 
stant removal  of  all  water  and  air  of  condensation. 

Not  only  are  much  better  results  obtained  by  the  certainty  of  this  cir- 
culation, but  in  many  cases  where  exhaust  steam  has  been  substituted  for 
live  steam  in  the  milk-condensing  process,  a  marked  improvement  in  flavor 
of  the  product  has  been  noted. 

The  great  saving  in  steam  consumption  in  a  condensory  w  hen  equipped 
with  the  \\ el)ster  System  will  usually  pay  for  the  entire  installation  w itliin 
a  few  months.  However,  a  careful  analysis  must  be  made  of  the  existing 
conditions  of  an  old  plant  or  the  requirements  of  a  new  condensory  before 
any  exact  arrangement  can  be  determined.  There  is  no  other  single  im- 
provement to  a  condensory  that  will  approach  the  saving  obtainable  through 
the  economical  use  of  exhaust  steam. 

Figure  19-2  shows  an  older  type  of  connection  for  vacuum  pans,  in 
which  high-pressure  steam  only  is  used.  The  pressure  is  reduced  from 
125-lb.  per  sq.  in.  boiler  pressure  to  15  or  20-lb.  per  sq.  in.  for  use  in  the  pan. 
The  outlet  connections  are  pipes  without  valves  or  checks,  leading  to  a 
header  which  is  piped  to  a  tank  located  beneath  the  pan.  The  tank  is  a 
receptacle  for  water  and  air  of  condensation.  The  air  is  vented  through 
the  small  vent  valve  while  the  water  is  drained  to  a  high-pressure  positive 
return  trap  which  discharges  the  water  to  an  open  hotwell  or  to  a  feed- 
water  heater. 

The  difficulties  encountered  in  this  construction  will  be  short-circuiting 
of  the  steam  from  one  return  to  the  other  and  the  impossibility  of  maintain- 
ing independent  or  separate  pressure  control  on  each  coil  in  tlie  pan. 
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Fi^.  19-2.     Drainage  system  for  a  vacuum  pan  using  a  positive  return  trap 
and  receiving  tank 


The  system  of  piping,  however,  is  in  common  use  in  most  of  the  smaller 
condensories  at  the  present  time. 

Figure  19-3  shows  another  construction  where  the  inlet  connections  are 
similar  to  those  in  Figure  19-2,  but  where  the  outlet  connections  are  con- 
trolled by  means  of  gate  valves  and  check  valves  which  discharge  into  a 
common  return  line.  This  return  line  is  run  direct  to  a  pump  and  receiver 
which  discharges  the  water  back  to  the  boiler.  A  great  many  installations 
are  somewhat  similar  to  this  and  it  is  evident  that  there  is  a  great  deal  of 


waste  of  steam  due  to  the  iiuil»ility  ol'  llic  operator  lo  properl)  lliroltle  tlie 
controlliiifi  valves  on  tlie  outlet  coiiiiectioiis. 

FijEjure  19-1  shows  the  appro\  ed  a|)pli(alioii  of  the  Webster  System. 

The  exhaust-steam  pipiiifj  iiieludes  a  W  el)ster  Steam  and  Oil  Separator 
and  an  auxiliary  eoniKH'tion  from  the  liifih-|)ressure  main  with  pressure- 
reducing  valve.  It  is  essential  that  the  pn^ssure-reducing  valve  shall  he  of 
such  ((mstruction  that  it  will  maintain  constantly  the  pressure  which  is  de- 
sired when  it  is  necessary  to  use  live  steam  for  condensing.  The  back- 
pressure valve  must  be  of  such  construction  that  it  is  impossible  at  any  time 
to  exceed  10  11).  per  sq.  in.  {pressure  on  the  low-j)ressure  mains. 

The  outlet   connections  from  the  vacuum  pan  are  run    direct  to  the 


Kig.  l'>-.i,     DriiiiKiRe  system  for  a  vacuum  pan  using  a  pump  and  reci^i^er 
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Return  to  Vacuum  Pump  "np  to  Waste 

Fig.  19-1.     .\pproved  manner  of  applying  the  Webster  System  to  a  vacuum  pan 

Webster  High-differential  Heavy-duty  Traps,  which  are  provided  with  by- 
passes and  thermostatically  controlled  air  lines  and  are  connected  directly 
to  the  vacuum  return  line,  w  hich  is  run  through  a  Webster  Suction  Strainer 
to  the  vacuum  pum[).  These  outlet  connections  also  must  be  equipped  with 
small  try-cocks  in  order  that  the  operator  may  test  the  working  condition 
of  any  coil  in  th(^  pan  at  any  time. 


CHAPTER  XX 

Application  of  the  Webster  System  to  Sterilizers, 
Cooking  Kettles  and  Similar  Apparatus 

HOSPITAL  Equipment:  All  hospital  equipment,  such  as  sterilizers  lor 
surgical  instruments,  bandages  and  dressings,  blanket  warmers,  etc.. 
requires  steam  at  more  than  the  usual  heating  pressures.  As  these 
fixtures  are  comparatively  small  consumers  of  steam,  being  operated  at  gauge 
pressures  of  15  to  100  11).,  and  as  they  are  situated  at  different  parts  of 
the  building,  it  is  usual  to  run  a  special  set  of  steam  supply  and  return  lines 
for  them  so  that  steam  may  be  available  at  any  time  throughout  the  year. 
For  the  purpose  of  insuring  rapid  removal  of  condensation  and  air  from 
each  fixture,  a  Webster  Return  Trap  of  similar  construction  to  those 
described  in  the  preceding  chapter  is  placed  on  the  return  of  each  unit.  The 
operating  temperature  of  the  thermostatic  members  of  these  traps  is  close 
to  that  of  steam  at  atmospheric  pressure;  hence  it  is  necessary  to  provide 
sufficient  exposed  piping  between  the  fixture  and  the  trap  to  allow  the  con- 
densation to  cool  down  to  the  operating  temperature  of  the  return  trap. 
This  exposed  piping  is  termed  cooling  surface. 


Gate  Voh 
To  Waste 
I  Pocket 
WEBSTER  HEAVY  DUTY  TRAP 

Fif;   20-1.     Appliciilion  of  the  Webster  System  to  instrument  sterilizer,  dressing  sterilizer  and  blanket 
warmer  closet  in  a  hospital 
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Din  Pocliei    I  Gate  Valve   (Kj[/ ""TUirtrtJCi  ^'S-  -0-3.     Connections  for   return   trap 

„^  .  ^  -U  -^-i-o-^  ^.U-i-w— "       where  the  operating  pressure  exceeds  10  lb. 

High  Pressure  Trap  ^™  .  '^  "^    ^ 

per  sq.  in. 
Fig.  20-2.     Method   of  discharging   high-pres- 
sure drips  or  returns  from  high-pressure  apparatus 
into  low-pressure  heating  mains  and  vacuum  return 
mains  through  a  Webster  Heavy-duty  Trap 

Each  return  from  trap  before  connecting  into  the  common  discliarge 
Hne  of  similar  traps  should  have  a  check  valve  between  the  trap  and  the 
return  as  well  as  a  hand  shut -off  valve  between  fixture  and  trap  as  shown  in 
Figures  20-3  and  20-4.  This  is  very  imporiaut  as  a  protection  for  the  trap 
against  water  hammer. 

Where  several  Webster  High-pressure  Sylphon  Traps  discharge  their 
condensation  into  a  common  return  line,  it  is  necessary  that  this  line 
shall  be  vented  free  to  the  atmosphere,  or  in  cases  where  possible,  to 
the  low-pressure  heat  main  (Figure  20-2).  It  is  important  that  no  back- 
pressure shall  be  carried  on  this  return  line.  In  no  case  should  the  discharge 
of  these  traps  be  connected  directly  to  a  vacuum  return  as  the  vacuum 
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WEBSTER  HIGH 
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Gdle  Valves 

To  Waste  or  Atmosphere 
I  Pocket 
WEBSTER    HEAVY   DUTY  TRAP 

Fig.  20-1.     Apph'cation  of  the  Webster  System  to  kitchen  equipment 
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would  iiiil);ilance  the  opcriHinii  incnihcr  of  tlic  tnij)  and  cause  il  lo  give 
unsatisi'aclory  results. 

CoOkINC;     IvKTTLES.     PlATE     W  ARMERS,      I  >  AIN-MARIES,     CoiFEE     UrNS 

AND  Other  Ivitchen  Equipment:  Tliis  equipment  requires  practically 
the  same  treatment  as  that  of  hospitals,  and  the  same  general  statement 
about  arrangement  of  return  lines  applies. 

In  food-product  factories  where  the  cooking  equipment  is  much  more 
extensive,  a  special  form  of  float-controlled  return  trap  with  thermostatic 
trap  in  air  line  is  used.  This  ])articular  type  is  called  the  Webster  High- 
differential  Heavy-duty  Trap.  l''or  details  of  these  traps  see  Chai)ter  21, 
page  219.  These  traps  are  also  used  for  removing  the  condensation  and 
air  from  the  steam  coils  of  vacuum  pans  in  evaporating  processes  for 
sugar,  milk,  salt,  tartaric  acid,  candy,  and  the  like. 

//  is  imporlani  in  all  applicalions  to  hifih-pressure  duly  thai  Ihc  ma.rimum 
initial  steam  pressure  In  which  the  trap  may  be  suhjecled  does  not  exceed  the 
allowable  pressure  of  that  class  {see  Page  '275).  and  that  the  ma.rinuim  conden- 
sation rate  shall  he  known.  It  is  also  important  lo  know  in  advance  the  lowest 
pressure  to  which  the  rent  of  the  Heavy-duly  Trap  will  be  subjected  at  times,  as 
the  influence  of  this  pressure  is  marked  in  limilimj  the  rating  of  the  Webster 
High-pressure  Sylphon  Trap. 


CHAPTER  XXI 

Applications  of  Wt4)ster  Systems  to  Greenhouses 

THE  heating  of  greenhouses  is  a  special  field,  owing  to  the  peculiar 
characteristics  of  tiie  buildings  and  the  necessity  for  uniform  interior 
temperatures. 

Connnercial  greenhouses  are  more  exacting  in  their  heat  requirements 
than  are  public  or  private  conservatories.  Constant  maintenance  of  the 
most  desirable  temperatures  is  essential  in  commercial  houses  to  bring  the 
crop  to  salable  maturity  in  the  shortest  possible  time  and  to  keep  the  quan- 
tity of  first-class  product  at  a  maxinunn  throughout  the  season.  A  single 
serious  temperature  drop  for  a  comparatively  short  interval  may  stunt  the 
crop  beyond  recovery  to  normal  condition  within  a  months  time,  and  even 
slight  temperature  variation  renders  some  kinds  of  plants  more  susceptible 
to  certain  destructive  fungi. 

The  heat  regulation  should  be  flexible  to  such  extent  that  by  applying 
more  or  less  heat  to  compensate  for  loss  of  sunlight  in  cloudy  weather,  the 
crop  can  be  retarded  or  forced  to  reach  maturity  at  the  time  of  the  most 
profitable  market.  The  blossoming  of  Easter  lilies,  for  instance,  requires 
absolute  regulation  within  a  period  of  a  very  few  days,  and  failure  to 
meet  the  time  limits  results  in  an  almost  total  loss.  The  same  principle  is 
utilized  during  the  period  of  uncertain  sunshine  between  November  and 
February  to  keep  the  daily  production  of  the  majority  of  varieties  of  cut 
flowers  more  uniform. 
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Owing  to  the  high  rate  of  hoat  traiisiiiissioii  through  the  glass  of  which 
greenhouse  enclosures  are  constructed,  the  heating  system  nmst  he  capahle  of 
quick  response  to  the  demands  for  extra  heat  during  nights,  cloudy  and  cold 
days,  and  particularly  when  a  sudden  cold  wind  springs  up.  Co-operating 
with  the  ventilators,  the  heating  system  nuist  respond  quickly  to  the 
demand  for  less  artificial  heat,  when  the  heat  from  the  suns  rays  tends  to 
increase  the  interior  temperature  beyond  the  point  desired. 

Until  a  few  years  ago.  hot  water  was  con- 
sidered the  best  medium  for  circulation  in  the 
heating  coils  of  greenhouses.  However,  as  the 
size  and  importance  of  greenhouses  have  in- 
creased, a  medium  with  quicker  response  in 
heat  flow  has  become  necessary  to  better  meet 
the  many  changes  in  outside  temperature  and 
direction  and  velocity  of  w  ind.  Steam  has 
proved  ideal  for  this  work  where  the  condi- 
tions of  the  individual  problem  have  been 
carefully  analyzed  and  a  suitable  heating  lay- 
out has  been  applied. 

In  different  types  of  greenhouses  the  ar- 
rangement of  the  heating  coils  varies  to  suit  the 
particular  plants  or  vegetables  grown  and  to 
meet  the  needs  of  forcing,  propagation,  etc. 

The  conservatory  group  of  the  ^lissouri 
Botanical  Garden  at  St.  Louis,  Mo.,  consisting 
of  palm,  economic,  cycad,  succulent  and  fern 
houses  (Figures  21-1  to  21-5),  is  heated  by  the 
Webster  Vacuum  System  of  Steam  Heating. 
These  greenhouses  are  part  of  the  125-acre 
botanical    garden    presented    to    the    public 


Fig.  21-2.    Plan  of  half  the  Conservatory  of  the  Missouri  Botanical  Gardens,  showing  layout  of  beating  coils 
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by  Mr.  Henry  Shaw  at  his  death  in  1889. 
Eleven  thousand  speeies  of  plants 
grow  in  this  garden.  The  palm  house 
contains  150  kinds  of  palms,  such  as  date, 
cocoanut,  sug;u\  Panama  and  rattan.  The 
economic  liouse  has  a  variety  of  tropical 
and  sub-tropical  plants,  such  as  rubber, 
spices,  drugs,  dyes  and  coffee.  The  cycad 
house  is  arranged  in  Japanese  style  and 
contains    representatives    of     all    known 


Fig.  21-3. 


Elevation  of  half  of  houses  A  and  B  (see  Fig.  21-2),  Conservatory,  Missouri  Botanical  Gardens 
Other  halves  of  these  houses  are  symmetrical  with  the  parts  shown 


liL'.  ill.      Irrn  lliiiis.'  cif  thi'  Missouri  KolHiiiciil  (;Hr(ltns 


liK-  21-5.     Floral  Display  llou^e  of  the  Missouri  Botanical  Gardens  ilurinj;  chr\santh»'niiim  slmw 
The  accurate  temperature  regulation   obtainable  with    the  Webster  System  ureatlv   lengtlieiis  th( 
prime  life  of  the  individual  blossoms,  thereby  assisting  in  prolonging  the  duration  of  the  show 


geiieni  of  cycads,  as  well  as  a  collection  of  tropical  evergreens.  The  succulent 
house  contains  species  of  all  the  plants  found  in  the  deserts  of  the  world. 
The  fern  house  has  a  very  complete  collection  of  the  numerous  ferns  and 
their  allies. 

Different  atmospheric  conditions  are  required  in  each  of  these  houses. 
Ferns,  for  instance,  would  not  live  in  the  dry  air  needed  by  the  cacti.  The 
^^  ebster  System  is  maintaining  the  required  temperatures  throughout  every 
part  of  these  conservatories,  and  in  most  locations  the  permissible  variation 
in  temperature  is  limited  to  five  degrees. 

The  palm  house  is  60  ft.  high.  To  assure  maintenance  of  tempera- 
ture within  5  deg.  variation,  the  sizing,  locating  and  controlling  of  radiating 
surfaces  were  specially  important  problems  of  the  design. 


Fig.  21-6.    Typical  temperature  chart  from  one  of  the  greenhouses  of  the  Davis  Gardens,  Terre  Haute,  Ind 

The  outside  temperature  on  the  day  the  chart  was  taken  averaged  28  deg.  fahr.    The  variation 

in  inside  temperature  was  less  than  3  deg.  in  24  hours 
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Fifj.  -1-T.      One  of  ihi'  li-ii  WKI  hy  H(t-ft.  frm-nhuusrs  of  the  DH\is  ( liinlcns,  Ti-rrc  llaulc.  Ind. 
In  till'  trailf.  this  (■stMhlisliiiicnt  is  looked  upon  as  a  leader  in  quality  of  product   as  well  as  capacitv. 
The  al)ilit\  to  fone  or  retard  tile  crop  in  each  greenhouse   assists  materially  in  regulating  the  output,  to 
best  meet  (lemnnd.  and  in  this  respect  the  Webster  Vacuum  System  plays  an  im[X)rtant  part. 
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Fig.  21-8.     Crosswise  view  at  the  center  of  one  of  the  cucumber  houses  of  the  Davis  Gardens, 
showing  arrangement  of  lieating  coils  around  the  beds 
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Kit;.  21-0.     l':irl  iil  llic  power  plant  of  the  Davis  Gardens,  showing  the  IVed-wnlir  heater  and 
\acuuiii  pumps  of  the  Webster  Heating  System 

The  lieating  coils  are  banked  on  the  side  walls  of  the  liouses  as  shown 
in  Fifjure  21-3,  and  the  arrangement  of  the  coils  is  shown  in  plan,  Figure 
21-2.  Steam  is  supplied  from  a  central  heating  plant  under  jiressure  and  is 
reduced  at  the  conservatory,  the  heating  system  operating  at  from  1  to 
2-11).  gauge  pressure.  The  returns  flow  to  the  power  house,  where  the  main 
vacuum  pumps  discharge  the  condensation  to  an  open  tank,  from  which  it 
is  pumped  to  the  boilers. 

The  J.  \\ .  Davis  Company  of  Terre  Haute,  Indiana,  operates  the 
largest  hothouse  vegetable  growing  plant  in  the  country,  this  plant  con- 
sisting of  10  greenhouses,  each  600  ft.  long  l)y  80  ft.  wide  ;ind  one  green- 
house, 200  ft.  long  i)y  20  ft.  wide.  Some  idea  of  the  magnitude  of  these 
houses  may  be  obtained  from  the  fact  that  for  lieating  alone  an  1800-lip. 
steam  generating  ])lant  and  60  miles    of    coils    and    piping    are    re([uired. 

The  main  vegetables  grown  by  the  Davis  Com])any  are  hothouse- 
grown  cucinnl)ers.  tomatoes  and  mushrooms.  The  average  outinit  is  as 
follows:  cucumbers,   12000  dozen  i)er  week;  tomatoes,  40000  j)oimds  j)er 
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Fig.  21-12.     Method  of  heating  for  growing  vines  on  the  walls  of  the  duPont  orangerie.    Air  enters  the 
openings  at  the  bottom  of  the  wall,  is  heated  in  passing  over  the  coils  at  the  top  and  passes  into  the 
rooms.    The  registers  in  the  floor  distriljute  heated  air  from  the  indirect  heating  system 
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wtvk;  niuslirooms,  2()()()  poiiiuls  por  week.  Tlio  output  iiiclu(k's  also  (lowtT- 
iu,<>'  ])kuits.  iiinoug  which  are  hundreds  of  tliousands  of  eyehiineu,  grown  for 
the  sak>  of  eul  Howers  as  well  as  the  ])lants  iheinselves. 

The  Icniperatiire  re(juirenienls  of  tliese  <i;reeiihouses  are  even  nion* 
exaetinii' than  those  of  the  Missouri  liotaiiieal  (iarden.  as  shown  1)\  the 
chart.  Fifiure21-6,  taken  from  the  recording  therinoineler. 

The  steam  for  heating  is  taken  from  a  95-11).  steam  line  running  through 
the  connecting  corridors,  and  the  pressure  is  reduced  in  each  greenhouse  for 
the  VVehster  Vacuum  Heating  System,  which  operates  at  5-11).  pressure. 
The  condensation  is  carried  through  a  vacuinn  return  hack  to  the  power 
plant,  where  it  is  delivered  by  the  main  vacuum  pumps  through  a  lank  to 
a  W  ebster  Feed-water  Heater  and  from  there  j)umped  to  the  boilers. 

The  Horticultural  Group  (Figure  21-10)  on  the  private  estate  of  Mr. 
Pierre  S.  du  Pont  near  Mendenliall  Pa.,  is  heated  by  the  Webster  System. 

The  main  buildings  comprise  the  orangerie,  exhibition  hall,  ])each 
houses  and  display  houses.  The  orangerie  is  a])])roxiniately  80  by  180  ft. 
and  the  exhibition  hall  is  about  80  by  110  ft.  The  two  i)each  houses  lie  on 
either  side  of  the  orangerie  and  are  approximately  50  by  100  ft.  in  length, 
with  the  dis])lay  house  .30  by  50  ft.  at  the  extreme  ends.  At  the  rear  of 
the  Exhibition  Hall  is  a  stage,  or  rather  a  veranda,  to  the  future  building, 
which  will  eventually  be  the  casino.  At  this  end  of  the  l)uil(liiig  are  located 
the  organ  and  service  rooms  for  entertaining  purposes. 

The  heating  for  this  group  is  reniarkalile  in  that  the  main  buildings 
are  heated  by  a  system  of  indirect  radiation  with  a  gravity  circulation  of  air. 
The  indirect  svu'faces  enclosed  with  coj)])er  casings  and  pans,  are  placed  in 
a  series  of  timnels  which  lie  imder  the  walk-ways.  Fresh  air  when  retiuired 
is  taken  through  two  sets  of  primary  heaters  located  in  the  oriuigerie  and 
one  set  of  ])rimary  heaters  for  each  of  the  peach  and  display-house  wings. 
These  are  furnished  with  sufficient  surface  to  maintain  the  air  in  the  tunnels 
at  GO  deg.  fahr. 


M 


CHAPTER  XXII 

Installation  Details 

ANY  of  the  methods  of  pipe  connections  which  have  been  developed 
by  \\  arren  Webster  &  Company  during  the  past  31  years,  and 
have  become  standard  practice,  are  shown  in  this  chapter  and 
elsewliere  in  connection  witli  descriptions  of  specific  apparatus.  Most 
of  the  ilhist  rat  ions  have  been  pubhshed  as  Webster  Service  Details  and  are 
familiar  to  the  profession  and  trade.  These  drawings,  which  indicate  the 
general  arrangement  of  the  pipe,  fittings  and  Webster  ai)])aratus  have 
been  revised  from  time  to  time  and.  as  shown  here,  represent  the  latest  and 
liest  thought.  They  are  not  to  be  used  for  exact  layouts  of  piping,  as  each 
individual  application  presents  its  own  special  conditions.  No  effort  has 
been  made  to  indicate  the  necessary  unions  or  right  and  left  nipples  required 
for  the  connections,  as  these  requirements  for  any  case  would  naturally 
be  best  determined  by  the  detail  of  the  layout  or  by  the  steamtitter  at  the 
job,  based  upon  his  skill  and  upon  materials  available. 


Details  Applicable  to  Both  the  Webster  \  aciuim  System 
and  the  Webster  Modulation  System 


Fig.  22-1.  Xpplicalion  of  a  Webster  Return  Tra[) 
on  a  low-pressure  heat  main,  at  a  low  point  where 
the  main  rises.  .\  sullicient  length  of  uncovered  pipe 
must  be  pro\icle(l  between  the  drip  point  and  the 
return  trap 


Fig.  22-2.  The  drainage  of  a  low-pressure  heat 
main  at  a  low  point,  where  the  line  rises,  is  of  such 
importance  that  special  attention  is  warranted. 
This  diagram  shows  a  large  main  with  drip  through 
gate  valve,  Webster  Dirt  Strainer  and  Webster 
Heavj'-duty  Trap 


By-pass  v.ilh  Globe  or  Angle  VdIvc 


WEBSTER 
WATER  ACCUMUUT08  ' 


Tee  for  Gauae  Conneclicn 


L'.ve  Steam  from  Boile 


Fig.  22-3.  Connections  for  a  steam  pressure-reducing  valve.  The  control  [)ipe  from  the  low-pressure 
side  of  the  line  must  be  takc^n  from  a  point  far  enough  from  the  valve  to  insure  that  tlu^  pressure  will  have 
been  fully  expanded.  The  use  of  the  Webster  Water  .\ccummulator  (see  Page  267)  fa(!ilitates  a  constani 
static  pressure  on  the  diaphragm  of  the  pressure-reducing  valve.  The  pop  safety  valve  prevents  pressure 
building  up,  particularly  at  very  light  loads 
Return  Ri5er 


1  J^   Pipe  uncovered- 


Fig.  22-4.  Method  of  dripping  supply  risers 
through  a  Webster  Return  Trap  into  vacuum  return 
line;  the  vertical  leg  acts  both  as  cooling  surface  antl 
dirt  pocket 


Fig.  22-5.  Three  methods  of  making  loops  to 
prrivide  for  expansion  movement  in  risers.  The  ex- 
pansion of  supply  and  return  risers  should  have 
careful  study 


Fig.  22-6.  .\rrangement 
for  dripping  the  end  of  a  sup- 
ply main,  which  also  carries 
the  condensation  from  the  up- 
feed  risers,  into  an  overhead 
return  main.  The  return  trap 
is  located  at  a  point  four 
feet  or  more  from  the  point 
dripped 


Fig.  22-T.  Arrangement  for  drip- 
ping a  down-feed  riser  into  an  over- 
head return  main,  sliowiiig  the  un- 
covered horizontal  cooling  pijie 


Overhead  Return  Main 
216 


Kig.  22-8.  Dripping  the 
lit-el  of  a  down-feed  supply 
riser,  where  pro\ision  must 
also  be  made  for  down  thrust 
or  expansion.  The  horizontal 
pipe  nuist  pitch  sharply 
enough  to  prevent  formation 
of  pocket  when  the  riser  is 
fully  expanded 


.Floor  Line  i 


Floor  Llr 


Fig.  22-9.  The  end  of  an 
up-feed  system  supply  main 
where  provision  must  be 
made  for  the  drip  of  the  main 
as  well  as  the  condensation 
from  the  risers.  The  return 
is  located  aloiifi  Ihr  llocir  and 
the  vertical  line  lo  relurn  trap 
can  be  used  as  a  cooling  leg 


WEBSTER   RETURN   TRAP 


Fig.  22-10.  .Vrrangement  for  drip- 
ping down-feed  risers  into  an  overhead 
return  line.  Cooling  pipe  used  with  a 
Webster  Dirt  Strainer  located  at  the 
entrance  to  the  return  trap.  The  hori- 
zontal pipe  must  pitch  sharply  down- 
ward  to  prevent  formation  of  pocket 


r^--Up  to  Radijior    r^-~Supply  Riser 


-Nol  less  than  4  0- 


Fig.  22-11.  Arrange- 
ment for  dripping  the  end 
of  an  overhead  supply 
main  through  Webster 
Dirt  Strainer  and  Return 
Trap  into  an  overhead  re- 
turn main 


F'if;.  22-12.  The  drip  of  the  end  of  a 
branch  supply  main  which  also  carries 
the  drip  of  down-feed  risers.  A  Web- 
ster Dirt  Strainer  is  used  in  place  of  a 
dirt  pocket 


WEBSTER  MODULATION  VALVE 
Bushing 


Fip;.  22-13.  Showing  provision 
for  expansion  on  a  down-feed 
riser  and  the  method  of  dripping 
through  Webster  Dirt  Strainer 
and  Return  Trap.  Pitch  hori- 
zontal pipe  downward  sharpl>  U> 
prevent  formation  of  pocket 

^  Belurn  Main  at  Floor 


Fig.  22-11.  Arrangement  of 
connections  to  a  hot-water  type 
radiator  where  the  branch  run- 
outs arc  in  the  lldor  construction 


Gate  Valve   ' 


_Steam  Pollern  Radialor 

Eccentric  Bushing 

WEBSTER   RETURN   TRAP 
Floor  Line 


Fig.  22-1.').     Arrangement  of  coimections  to  a  steam-type  ladialor  wlicrc  I  he  lir.incli  run-outs 
are  in  the  lloor  construct  imi 
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Fig.  22-16.  In  certain  classes  of  liuildings  a  small 
amount  of  heating  surface  is  often  desired  in  bath 
rooms,  etc.,  without  involving  the  expense  of  sep- 
arate radiators.  \\  here  these  rooms  are  one  above 
the  other  a  heating  riser  may  be  used  with  connec- 
tions as  shown  in  this  diagram 


WEBSTER 
RETURN  TRAP 
t Increase 
!  pipe 


Fig.  22-17.  The  dripping  of  the  end  of  an  over- 
head steam  supply  main  where  the  return  line  is 
carried  along  near  the  floor.  The  uncovered  ver- 
tical line  to  the  return  trap  acts  as  a  cooling  leg 


WEBSTER   MODULATION  VALVE 
Bushins 


Fig.  22-18.  Arrangement  of  connections  to  a 
radiator  in  a  factory  or  loft  building  where  there  is 
no  objection  to  branch  run-outs  on  the  ceiling  of  the 
tloor  below 


Return  Riser 
Supply  Riser 

WEBSTER   MODULATION  VALVE 
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Fig.   22-19.     Arrangement  of  connections   to   a 
radiator  with  all  branch  run-outs  exposed  in  the 


Fiij.  22-20  Arrangement  for  removing  a  considerable  amount  of  condensation  from  a  down-feed  riser. 
The  drip  goes  through  a  Webster  Dirt  Strainer  and  Return  Trap,  the  connection  to  lowest  radiator  being 
made  above  the  drip  point.  Fig.  21-23.  page  2.):5.  shows  an  allcniHti'  method  using  a  Webster  Double- 
servici'  Naive 


Fig.  22-21.  Drip  connections  to  the  return  head- 
ers of  manifold  coils.  Coils  of  ten  pipes  or  less  have 
one  return  header  and  those  of  o\er  ten  pipes  are 
usually  split  and  provided  with  two  headers.  Fig. 
2i-23,  page  253,  shows  an  alternate  method  using  a 
Webster  Double-service  Val\  e 


Conned  into  Top 
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Fig.  22-22.  .\rrangement  of  headers  similar  to 
Fig.  22-21,  but  showing  the  use  of  the  Webster  Dirt 
Strainer  at  the  entrance  of  the  return  traps 
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Fig.  22-23.     With  drop  leg  to  catch  dirt 


Fig.  22-2  I.     With  Webster  Dirt  Strainer 


Return  connection  to  a  flat  overhead  coil  where  (above)  a  bottom-outlet  manifold  and  where  (below) 
an  end-outlet  manifold  is  used.  Dirt  is  collected  by  drop  leg  (Fig.  22-23)  or  by  a  Webster  Dirt  Strainer 
(Fig.  22-24) 


Fig.  22-2.5.     With  drop  leg  to  catch  dirt 


Fig.  22-26.     With  Webster  Dirt  Strainer 


Wide  flat  overhead  coils  should  have  return  connections  taken  from  both  ends  of  the  return  manifold. 
Dirt  is  coUected  by  a  drop  leg  (Fig.  22-25)  or  by  a  Webster  Dirt  Stramer  (Fig.  2_--6) 


Fig.  22-2T.  Arranfji'iiK'iit  for  profitable  use  of  the  heat 
in  the  coiKlensation  from  a  lieating  system.  Tlie  coiulcii- 
salJDii  is  i)assefl  througli  tlie  coils  of  an  auxiliary  water 
healer  and  its  heat  is  transferred  to  water  for  domestic  or 
niaimfacluring  use 


-Additional  details  applicable 
to  the  Webster  Modulation 
System  will  be  found  on 
pages  22H  to  '2'.V2 


Pipe  Standard  Support 
Floor 


Details  Applicable  to  the  Webster  Vacuum  System  Only 


Fig.  22-28.  Under  certain  conditions  the  condensation  from  the  heels  of  down- 
feed  risers  can  be  removed  by  connecting  the  separate  gravity  drip  or  wet-return  line 
to  the  return  inlet  of  a  Webster  Feed-water  Heater.  In  this  instance,  the  static  head 
between  the  top  of  the  heater  and  the  lowest  radiator  connection  must  exceed  the 
pressure  in  the  heater.  Suitable  connection  of  the  return  line  to  the  heater  is  shown 
in  the  diagram 
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Heating  Supply  Main 


Wei  Return 
Cluse  to  Floor 


WEBSTER   HEAVY-DUTY  TRAP 


-This  Pipe  to  be  same  size 
as  Inlet  to  Trap 


Fig.  :2i!-29.  Where  the  drips  of  risers  and  iniiins  are  carried  through  a  separate  gravity  drip 
line  near  the  floor  and  it  is  desired  to  deliver  the  condensation  into  an  overhead  vacuum  return 
line  through  a  Webster  Heavy-duty  Trap,  the  arrangement  shown  has  proved  most  satisfactory 


-Return  Riser 
Supply  Ris 


Fig.  22-30.  In  the  usual  down-feed  system  where  the  drips  of  risers  are  cared  for  by  a  separate 
gravity  drip  line  run  near  the  floor  and  where  the  condensation  is  to  be  delivered  to  an  overhead 
vacuum  return  line  through  a  Webster  Heavy-duty  Trap,  the  method  shown  should  be  followed 
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Fig.  22-31.  Arrangement  for  drip- 
ping both  riser  and  main  where  an  up- 
feed  riser  is  fed  from  the  bottom  of  a 
supply  main.  A  vertical  cooling  leg  is 
used 


Fig.  22-32.  Arrangement  nf  connec- 
tions  where  the  up-feed  riser  is  IVd  froin 
the  top  of  the  overhead  supply  nuun 
and  the  return  main  is  also  overhead. 
A  vertical  cooling  leg  is  used 


WEBSTER  RETURN  TRAP- 
Pluo- 


Dirt  Pocket 
—  Cap 


Uncovered  Pipe 
not  less  than  3'o'long 


Dirt  Pocket 
"*"Cap 


Fig.  22-33.    Where  it  is  not  possible  to  run  a  vertical  cooling  leg  on  the  drip  of  the  riser,  cooling  surface 
in  the  form  of  a  horizontal  pipe  may  be  employed  as  shown 


Fig.  22-34.  Arrangement  for  removal  of 
condensation  from  a  group  of  not  over  14 
sections  of  vento  radiation,  where  the  steam 
supply  enters  one  end  of  the  group  and  the 
returns  are  taken  from  the  opposite  end. 
The  return  of  each  group  is  separate,  the  con- 
densation being  carried  through  a  common 
return  line  to  the  Webster  Heavy-duty  Trap, 
and  the  airfrom  each  group 
ast  Heater  Sections  handled  separately 

through  a  Webster  Re- 
turn Trap  connecting  to 
a  common  discharge  line 
to  the  vacuum  return  line. 
For  details  of  the  Webster 
Heavy-duty  Trap  see  Fig- 
\iie  22-3.5 
WEBSTER  RETURN  TRAPS 


Gale  Valve 

WEBSTER  DIRT  STRAINER 

WEBSTER   HEAVY  DUTY   TRAP 


Fig.  22-35.     Cross  section  of  Webster  Heavy-duty  Trap  with  thermostatically  controlled  air  by-pas 
to  prevent  trap  from  becoming  air-bound 


Fig.  22-3fi.  Till'  iisuiil  method  for  removal  of  con- 
densation from  ii  t;roiip  of  not  over  22  sections  of 
vento  radiation  supplii-ci  with  steam  at  each  end.  is  to 
provide;  a  drip  connection  also  at  each  end  as  shown. 
In  some  instances,  however,  where  the  pres,sure  is  low 
or  more  than  22  \ento  sections  are  used,  one  of  the 
reliini  lines  should  be  extended 
Sieam  Sup?'/  ihrouu'li  the  Vento  bushing  and 

c—  Connections  i        .  .1  .         r.i 

to  about  the  center  ol  ttiefrroup. 

so     that     air-bind  iiij;     will     be 
avoided 

Blast  Heater  Sections 


WC6STER  RETUHN  TRAPS 


Orip  C 

same  as  shown 

for  opposite  Sidi 


'  Blast  Heater  SectI 


Gate  Valve  - 
WEBSTER  DIRT  STRAINER^ 


.trie         ZtOfV WEBSTER   RETURN   TRAP 


WEBSTER   HEAVY   DUTY  TRAP 


Fig.  22-3T.  Method  of  dripping 
double-tier  blast  heater  sections 
through  \\  ebster  Dirt  Strainer  and 
Heavy-dutv  Trap 

_WEBSTER   RETURN  TRAP 


Vacuum  Air  Line 


WEBSTER  DIRT  STRAINER 


Supply  Riser 
Gate  Valve 


flelurn  Main 

'l  l'  lln<-n.,<=ro^    Pl^n  ^  \  H  Ut  U 

Din  Pocket- 

j L  '"*i  'ESS  man  J  u  long  "*"^  »oi¥g 

Cao^r I  WEBSTER  RETURN  TRAP 

F!g.  22-38.     Drip  of  main  and  up-fecd  riser  using  horizontal  cooling  surface 


Blast  Heater  Sections 


Eccentric  BustiinQS 


Plufloed  Tee 


WEBSTER  CUSS  "B  '  DIRT  STRAINER 


Plugged  Tee 


Fig.  22-39.  Arrangpiiicnl  of  piping  where 
a  vacuum  return  line  is  carried  along  the  wall 
near  the  floor  and  passes  doorways  or  other 
openings.    The   water   i,s  carried   under   the 

)pening  and   the  air   is  passed  through  the 

ine  over  the  opening 


Method  of  dripping  blast  heater  section  through 
W  elister  Return  Traps 


Fig.  22-41.  The  approved 
method  of  draining  condensation 
from  the  coils  of  a  hot-water 
service  heater  to  the  vacuum 
return  line  through  gate  valve, 
Webster  Dirt  Strainer  and 
Webster  Heavy-duty  Trap 


Details  Applicable  to  the  Webster  Modulation  System  Only 


This  ConnectionVz  when  Air  Line  Valve  is 
10'  O'or  less  Irom  Dry  Return  Branch  or 
Main  and  3  4  when  over  1(J' 0"distant    ■'' 


Under  no  Circumslances  must  the 
Center  Line  ot  this  Pipe  be  less  than 
6"  above  Center  tine  of  Return  Inlet 
of  Vent  Trap 


Connection  into  Wet  Return  Lir 


Union  above  Vi^ater  Line  of  Boiler 
,  Water  Line  of  Boiler 


The  Connection  into  Wet  Returi 
must  be  same  size  as  Dry  Returi 
before  Rise  is  made 


This  Connection  must  be  on  same 
Centre  as  Wet  Return 

Special  Swing  Check  Valve 


Wet  Reiufn  near  Floor, 
with  space  beneath  to 
Cleaning 


s: 


3 


Fig.  1-- 13.  Where  a  drip  is  required,  at 
the  end  of  a  heating  main,  the  air  should 
usually  be  vented  through  a  Webster  Hf- 
turn  Trap  into  the  dry  return,  as  shown 
in  this  diagram 


Fig.  22-12.  The  dry  return  in  a  Webster  Modulation 
System,  due  to  its  required  grade,  must  sometimes  get 
down  into  the  head  room,  in  which  event  it  may  be 
drained  into  the  wet  return  and  elevated  to  a  higher 
level.  Certain  fundamentals  must  be  observed  in  do- 
ing this.  The  most  important  is  that  at  the  point 
where  the  change  in  elevation  occurs,  the  dry  return 
nmst  never  be  closer  than  6  in.  to  the  level  of  the 
inlet  to  the  Webster  Modulation  Vent  Trap 


WEBSTER  RETURN  TRAP 

Abov«  highest  point  of  - 

Dry  Return 


Fig.  22-11.  There  is 
often  a  demand  for  hot 
water  for  domestic  sup- 
ply where  this  water 
can  best  be  heated  by 
transfer  of  part  of  the 
heat  from  the  conden- 
sation in  the  steam 
heating  system.  The 
diagram  shows  one  method  of  doing  tliis  in  connec- 
tion with  a  Webster  Modulation  System.  The  hot- 
water  heater  and  storage  tank  should  be  located  close 
to  the  steam  boiler  so  that  the  steam  supply  will  be 
available  when  the  plant  is  being  operated  at  very 
low  pressures 


This  Connection  must  Speciiil  Swino 

be  on  same  Centre  as  Check  Valve 

Wet  Return  ^~--  .         \ 


tt^ 


BE 


Return  Irom  Hot  Water  Generator.  Connect  to  Wet  Return 


Wet  Return  nejr  Floor 


WEBSTER   RETURN  TRAP 


Eccentric 

Overhead  Dry  SHILp 

Return  Main  'OlrT       '' 


Never  less  than  30  anij 
nore  as  possible 


Fig.  22-45.  Connections  for  overhead  radia- 
tion in  basement,  where  there  is  sufficient  drop 
for  gravity  flow  between  the  radiation  and  the 
water  line  of  the  boiler 


Water  Line  ol  Roilet 


Connect  into 
Wet  Return  Main'^ 


tjHMt! 


Special  Swino  Check  Valve 
,^This  Connection  must  be  on  s 
center  as  Wet  Return 


Wei  Return  near  Floor 


^^ 


^/i  Rod  threaded  at  Ends  milli 
3/4"  Pipe  Sleeve  ovet  Rod  must 
extend  tliru   Boll  Holes  in  Diapli 
Portion  ot  Dairpcr  Regulator 


WEBSTER  MOOUUTION  VENT  TRAP 

Overhead  Return  from 
Heating  System 

t 


Fig.  22-46.     Typical  ap- 
plication of  A\  ebster 
Damper  Rpgiilator 
to  a  cast-iron  sec- 
tional boiler 


Fig.  22-17.     Method  of  making  connections  to  boilers  operating  in  parallel.      Check  valve  on  vent  dis- 
charge trap  only.     This  is  the  arrangement  of  return  connections  required  by 
many  boiler  insurance  companies 


With  thermostatic  contra 


ViRod  Threaded  al  ends  ' 

3/4Pipe  Sleeve  over  Rod  m 

ejilend  through  Bolt  Holes  in 

Diaphragm  Portion  of  Dan* 

Regulator. 

Remove  Pin  from  Damper^ 

Regulator. 


Water  Line  of|  Boiler;,, 


Drip  from  Bottom 

of  Steam  Header 

to  Conned  to  Returi 

Header  of  Boiler 


Note;- 

Damper  Regulator  Lever  to  Rest  on 

Knife  Edge  in  Slot  of  Damper  Regulator 


With  tiiue-clock  Control 


Fig.  22-18. 


Typical  applications  of  .special  controlling  devices  which  may  be  applied  to 
Webster  Damper  Regulators 


WEBSTER  RETURN 

TRAP,   above  Hiolicsl  '^^-Q° ^     '  2  *i'  Lir 

Point  ol  Ofy  flelurn         [ffl.Couplino     f  Conned  into  Top  of  Reluri 


Fig.  22-19.  Radiation  must  sometimes 
be  placed  on  the  side  walls  of  basements, 
where  steam  can  be  circulated  only  by  pro- 
viding sufficient  head  for  gravity  flow  be- 
twci'ii  the  r;i(ii:il(ir  return  outlet  and  the 
waliT  line  of  thi- lidiler.  The  arrangement 
shown  handles  this  problem  well 


Water  Line  ot  Boiler 


Ttiis  Connection  must 

be  on  same  Center  as 

Wet  Return 

\      Special  Swing 

Check  Valve  y 


l^nrfT 


CHAPTER  XXIII 

Capacities  and  Ratings  of  Webster  Valves 
and  Traps 

CAPACITY  is  a  basis  obtained  from  tests  under  one  set  of  conditions 
from  which  ratings  are  deduced  for  other  operating  conditions. 

The  term  capacity  is  used  in  "Steam  Heating"  to  denote  the 
number  of  pounds  of  condensation  per  hour  (Wi)  which  at  uniform  flow  will 
pass  through  the  specified  apparatus  when  the  pressure  is  maintained  at 
1  lb.  per  sq.  in.  (Pi)  above  that  of  the  atmosphere  and  the  pressure  at  the 
outlet  is  that  of  the  atmosphere  (Po). 

Having  obtained  the  capacity  of  any  unit  of  steam-heating  apparatus 
under  these  standard  conditions,  ratings  may  be  estimated  within  a  very 
small  error,  for  other  stated  conditions  of  pressure  difference,  time  or 
amount  of  heat  content  in  the  steam  at  given  initial  pressure. 

For  any  other  pressure  difference  (P3  -  P4)  not  differing  greatly  in 
amount  from  the  standard  pressure  difference  (P1-P2),  the  quantity  of 
discharge  (W2)  varies  from  the  quantity  (Wi)  discharged  under  standard 
conditions  in  proportion  to  the  square  roots  of  the  pressure  differences;  that 
is 

w„  =  w   P111P4 

^'    ^'vp:^p. 

or  so  nearly  as  to  be  within  the  normal  errors  of  test. 

Tiie  distinction  Avliich  should  be  made  between  capacity  and  rating, 
especially  where  rating  is  expressed  in  some  indeterminate  value  like  "square 
feet  of  radiation,"  can  best  be  emphasized  by  examples. 

Assume  a  radiator  trap,  the  capacity  of  wliich,  with  a  drop  from  1-lb. 
pressure  above  atmospheric  in  the  radiator  and  trap,  to  atmospheric  pressure 
in  the  trap  outlet,  has  been  found  by  tests  to  be  60  lb.  of  condensation  per  lir. 

Example  1.  At  what  should  this  trap  be  rated  in  square  feet  of  radia- 
tion on  a  coil  in  a  room  of  60-deg.  average  temperatiu-e,  when  the  steam 
pressure  in  the  coil  is  4-lb.  gauge  and  the  vacuum  at  the  trap  outlet  is 
10-in.  or  5-LId.  gauge  .^ 

Answer:  The  pressure  difference  through  the  trap  would  then  be  4  -|-  5, 
or  9  lb.  The  flow  through  the  trap  would  be  as  the  square  root  of  1  is  to 
the  square  root  of  9,  or  three  times  the  capacity  of  the  trap  at  standard 
1-lb.  pressure  difference.     This  figures  out  180  lb.  per  hr. 

Each  pound  of  steam  at  4-lb.  gauge  pressure  gives  up  in  condensing  in 
a  coil  about  963  B.t.u.  of  latent  heat,  a  total  of  963  X  180  or  173340  B.t.u. 
per  hr.  Under  the  temperature  due  to  4-lb.  gauge  pressure  the  coil  would 
probably  give  off  324  heat  units  per  sq.  ft.  of  surface.  Therefore,  the 
rating  of  this  trap  under  the  above  conditions  would  lie  324  divided  into 
173340,  or  535  sq.  ft.  of  direct  radiation. 

Example  2.     At  what  woidd  this  same  trap  be  rated  in  square  feet  of 


radiation  on  {\w  same  kind  of  a  coil  similarly  placed  when  supplied  w  illi  steam 
at  3^-1''-  fi'iuific,  and  exhausting  to  atmospheric  pn^ssnre  al  tiie  outlet? 

Answer:  The  j)ressure  diU'erence  Lhroufi:h  tra|)  heinj;  as  staled,  34  Ih- 
per  sq.  in.,  the  flow  through  trap  w  ill  be  as  the  sipiare  root  of  i  is  to  the  square 
root  of  }/'i,  or  lo  t'le  rate  at  1-lb.  difference  in  jiressure.  or  30  11).  of  steam  per 
hr.  Each  pound  of  this  steam  will  give  up  in  condensing  about  969  Ji.t.u. 
of  latent  heat  or  969  X  30  =  29070  B.t.n.  per  hour. 

Under  the  temperature  due  to  34-1''-  ^<>"pe  pressure,  the  coil  would 
probably  give  off  300  Ji.t.u.  per  sq.  ft  of  surface.  Then^fore  the  ralinf/  of 
the  trap  under  the  conditions  of  this  e\ampl(>  would  be  29070  divided  Ijy  300 
=  96.9  sq.  ft.  of  direct  radiation. 

In  Example  1,  the  rating  in  s(j.  ft.  of  radiation  is  more  than  five  times 
that  in  Example  2,  the  difference  l)eing  due  to  the  effect  of  differences  in 
pressure  on  the  same  trap,  which  in  both  cases  had  the  same  capacity. 

Webster  Modulation  Supply  Valves:  Careful  consideration  sliould 
be  given  to  the  following  facts  concerning  ratings  of  this  type  of  apparatus: 

The  capacifi/  of  a  inodnlation  valve  should  be  based  on  the  (juantity 
of  steam  expressed  in  pounds  per  hour,  or  the  equivalent  Ji.t.u.  of  latent 
heat  therein  at  1-lb.  pressure  above  atmospheric  pressure  which  will  flow 
through  the  valve  when  the  outlet  is  at  atmospheric  pressure. 

This  capacifi/  may  be  referred  to  as  the  number  of  square  feet  of  radiat- 
ing surface  which  w'ill  absorb  the  total  latent  heat  of  the  steam  flowing 
into  the  surface  in  a  given  time,  at  the  commencement  of  which  the  tem- 
perature of  the  metal  of  the  radiation  and  the  room  are  at  a  stated  degree 
below  the  normal  room  temperature. 

The  steam  requirements  for  all  types  of  radiation  are  greatest  during 
the  heating-uj)  i)eriod.  This  is  the  period  during  which  the  cold  metal  is 
absorbing  heat,  while  at  the  same  time  the  radiator  as  a  whole  is  giving  off 
heat  by  radiation  and  convection  at  approximately  one  half  its  normal  rate. 
This  statement  is  approximate  because  the  temi)erature  of  the  radiating 
surface  is  gradually  increasing  from  the  cold  room  temperature  to  the  steam 
temperature,  during  this  period. 

Other  things  l)eiug  equal,  it  follows  that  the  longer  the  allowable  heating- 
up  period,  the  greater  is  the  proportion  of  capacity  which  may  be  expressed 
in  the  rating.  Each  type  of  radiation  having  a  different  weight  of  metal 
per  square  foot  of  heating  surface  and  a  different  heat  emission  rate,  will 
take  a  different  rating  of  inlet  valve  of  a  given  capacity. 

The  consensus  of  opinion  seems  to  be  that  the  rating  of  a  valve  sliould 
be  only  such  part  of  its  capacity  as  will  permit  the  heating  of  the  entire 
radiator  to  steam  temperature  from  a  room  temperature  of  40  deg.  fahr. 
in  20  minutes  from  the  time  the  valve  is  fully  opened,  and  this  is  taken 
as  the  heating-uj)  period  in  the  ratings  given  in  the  tables  in  this  chapter. 
Radiation,  according  to  type,  varies  in  weight  between  2.3  and  7  lb.  per 
square  foot  of  surface. 

This  causes  a  marked  difference  in  the  steam  rec(uirements  during  the 
heating-up  period,  as  well  as  a  marked  difference  in  the  rating  of  any  valve 
of  given  capacifi/. 

In  Table  23-1  the  warming-up  requirements  of  the  various  types  of 
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direct  radiation  in  general  use  and.  in  Table  23-2,  the  normal  heat  emission 
in  70-deg.  air,  have  been  averaged  under  five  classifications.  From  these 
averages,  the  factors  in  column  G  have  been  derived  l>y  which  the  capacity  of 
any  inlet  valve  in  pounds  of  steam  per  hour  at  1-lb.  differential  may  be 
converted  into  rating  in  square  feet  of  radiation  of  any  of  these  general 
classes. 

Table  23-1.    Basis  for  Ratuio;  Inlet  Valves 


Avg.  wt.  per  sq.  ft.  cast-iron  floor  radiation  7.00  lb.  x  .12    .\  170  =142.80  B.t.u.  per  sq.  ft. 

"      "     "     "  cast-iron  wall  radiation  6.50   "  x  .12    x  170  =132.60      "  "■     '"     " 

"      "     "     "      sheet-steel  radiation      2.30   "  x  .117  x  170  =   45.75       "  '"     "     " 

"      "     "     "     IJ^-in.  coil  radiation      5.20    "  x  .117  x  170  =103.42       "  "     "     " 

'■         "      "     "    "     1     -in.  coil  radiation      4.85    "  x  .117  x  170  =   96.47       "  "     "     " 


Table  23-2.     Rating  Values  for  Modulation  ^  alves 

Fur  various  types  of  direct  heating  surface 


Col.  1           1           Col.  2 

Col.  3 

Col.  4 

Col.  5                         Col.  6 

B.  t.  u.  per  sq.     B.  t.  u.  emitted 
ft.  per  hr.  to           in  1-3  hour 
maintain  210°    during  wanning- 
in  the  rad.  with    up  period  =1-6 
room  temp,  of         hourly  rate 
70° 

B.  t.  u.  per  sq. 

ft.  to  raise 

temperature 

of  metal 

B.  t.  u.  per  sq. 

ft.  req'd  in  20 

minute  period. 

Total  of 

Cols  2  and  3 

Combined             Factor  for  con- 
hourly  rate          verting  capacity 

in  B.  t.  u.     1           into  rating 
_  ,   ,       60             970  -H  Col.  S 
^"'•^      2-0 

Cast-iron  floor  radiation            245          40.8 
Cast-iron  wall  radiation             296          49.33 
Sheet-steel  radiation                   260          43 .  33 
IJ^-in.  pipe  coil  radiation          326  :       .54.33 
1-in.  pipe  coil  radiation              296  1        19 .  33 

142.8 
132.6 

45.75 
103.42 

96.47 

183.6 
181.93 
89.08 
157.75 
145  80 

551 

546 
267 
473 
437 

1 .  761  AvK. 
1.78/1.77 
3.63 
2.05 

To  ascertain  the  rating  in  terms  of  square  feet  of  radiation  of  any  inlet 
valve  for  20-niin.  heating-up  period,  multiply  the  capacity  of  the  valve  ex- 
pressed in  pounds  of  steam  per  hour  at  that  given  pressure  diffei'ence  by  the 
factor  in  column  6  corresponding  to  type  of  radiation  and  the  result  will  be 
the  square  feet  of  that  surface  heated  from  10  deg.  to  210  deg.  in  20  minutes. 

To  ascertain  ratings  for  any  other  period  than  20  minutes,  a  new  table 
must  be  prepared  retaining  columns  1  and  3.  New  column  2  will  be  deter- 
mined by  multiplying  the  B.t.u.  in  column  1  by  one-half  the  selected 
warming-up  period  in  parts  of  one  hour.     (See  seventh  paragraph,  page  234). 

New  column  4  will  be  the  sum  of  new  column  2  and  standard  column  3. 

New  column  5  will  be  the  product  of  new  column  4  by  (60  divided  by 
the  selected  warming-up  period  in  minutes). 

New  column  6  will  be  the  (juotient  of  new  column  5  into  the  latent 
heat  in  1  lb.  of  steam  at  pressure. 

Having  the  rating  for  any  particular  valve  for  a  particular  class  of 
radiation  at  1-lb.  differeittial.  ratings  at  other  pressure  differences  may  be 
closely  approximated  by  multiplying  the  1-lb.  rating  by  the  square  root  of 
the  other  pressure  difference. 

The  normal  average  flow  to  a  heated  cast-iron  radiator  is  about  250 
B.t.u.  A  properly  designed  modulation  valve,  when  0.6  open  should  supply 
the  radiator  with  jV  of  the  full-open  flow,  which  is  the  approximate  need 


for  full  modulation  ofl'ccl.  The  balance,  or  ,\,  of  the  opening,  is  thus  available 
for  a  quick  warniin,<>;-up  ])eriod  (20  minutes)  when  the  valve  is  full  o])en. 

Owing  to  the  wide  differeiu'(^  in  area  between  standard  pipe  sizes,  a 
valve  of  say  1-in.  size  must  be  used  on  all  different  sizes  of  radiators  between 
its  own  maximum  rating  and  that  of  the  next  smaller,  or  ^-in.  valve.  The 
W'ide-open  1-iri.  valve  will  therefore  produce  a  much  more  rapid  healing-up 
effect  when  connected  to  a  radiator  which  is  a  little  too  large  for  a  ^^-in. 
valve,  and  the  full  modulation  effect  will  be  reached  nuich  before  the  valve 
is  0.6  open,  which  is  the  normal  position  for  full  modulation  effect.  This 
problem  might  be  solved  were  it  not  for  conmiercial  considerations,  by 
putting  a  restrictive  valve  piece  in  those  valve  bodies  which  are  used  on 
the  lower  half  of  the  range.  This  would  limit  the  flow  at  0.6  open  to 
about  half  way  between  the  maximiun  for  that  particular  valve  and  the 
maximum  of  the  next  smaller  size.  In  this  way,  a  valve  having  a  total 
range  of  45  to  78  sq.  ft.  of  radiation  at  0.6  open  can  be  limited  to  45  to  60 
sq.  ft.  of  radiation,  thus  gaining  the  whole  0.6  range  for  controlling  the 
degree  of  modulating  effect,  instead  of  commencing  to  modulate  only 
after  about  ~s  closed  and  having  but  the  remaining  33  of  the  total  move- 
ment for  gi-aduating  the  modulating  effect. 

The  ratings  of  each  ^Yebster  Type  W  Modulation  Valve  for  the  stated 
conditions,  at  various  positions  of  the  pointer,  are  indicated  in  Figure  23-1, 
which  in  conjunction  with  Table  23-3  will  assist  in  selection  of  a  valve  of 
the  proper  size  for  any  set  of  conditions. 

Initial  steam  pressure  alone  is  not  a  correct  basis  for  valve  rating  or 
sizing.  It  is  far  safer  to  allow  for  maximum  possible  drop  in  line  pressure 
when  figuring  the  inlet  pressure  at  the  valve.  Similarly,  allowance  must  be 
made  for  variation  in  return  line  pressure,  especially  w  ith  vacuum  systems. 


OPEN 

/ 

^.,.-— — ' 

^         1                 !               ^ _- 

/ 

x^ 

^^}^ 

pei<___-— - 

CO 

/ 

n  of  Indicat 

Bll 

1 

1 

Squa 


160  200 

Feet  of  Average  Cast- 


Fig.  23-1.     Rating  of  \\'ebster  Type  W  AlodiJation  Valves.     Based  upon  a  differential  of  one  pound  at 
the  valve  and  fully  heating  the  radiator  in  20  minutes  in  a  room  temperature  of  10  deg.  fahr. 


The  condensation  rate  of  radiation  varies  with  the  type  of  radiation  or 
coil,  its  location,  and  the  difference  between  outside  and  room  temperatures, 
and  allowance  must  be  made  accordingly. 


Table  23-3. 


Ratings  of  Webster  Type  W  Modulation  Supply  Valves 

Based  on  20-min. 


In  square  feet  of  average  cast-iron  direct  radiation  at  various  pressure  dilferencei 
heating-up  period  from  40  deg.  fahr.  initial  temperature* 


Pressure  difference 

Size  of  valves 

1  oz.         1 

Zoz.            1 

4oz. 

.   1 

6  oz.          1 

8oz. 

1  lb. 

Square  feet  of  average 

cast- 

ron 

direct  radiation 

w 

19 

27 

38 

47 

54 

76 

K" 

40 

57 

80 

98 

113 

160 

1" 

65 

94 

132 

63 

187 

265 

\%" 

112 

160 

225 

76 

319 

450 

Table  23-4. 


Ratings  of  Ordinary  Angle-pattern  Radiator  Supply  Valves 

Based  on  20-min. 


In  square  feet  of  average  cast-iron  direct  radiation  at  various  pressure  differences 
heating-up  period  from  40  deg.  fahr .  initial  temperature* 


Pressure  difference 

Size  of  valve 

loz.        1 

2  0Z. 

4oz.          1           6oz.                      8oz. 

lib. 

Square  feet  of  average  cast-iron  direct  radiation 

M" 

21 

30 

12 

52                     60 

84 

M" 

44 

62 

87 

107 

124 

175 

1" 

77 

102 

147 

180 

204 

294 

\%" 

126 

180 

252 

308 

360 

504 

IH" 

187 

258 

364 

446 

516 

728 

Table  23-5.     Ratings  of  Webster  Double-service  Valves 

In  square  feet  of  average  cast-iron  direct  radiation  at  various  pressure  differences.     Based  on  20-min. 
heating-up  period  from  40  deg.  fahr.  initial  temperature  * 


Size  of  valve 

Pressure  difference 

1  oz. 

2oz. 

4  oz.          j            6  oz. 

Soz. 

lib. 

Square  feet  of  average  cast-iron  direct  radiation 

H" 

42 

60 

85 

104 

120 

166 

1" 

69 

97 

138 

168 

195 

275 

IH" 

119 

168 

238 

292 

336 

475 

13^" 

172 

243 

343 

420 

486 

685 

*  If  the  quick  heading-up  feature  is  disregarded  and  ratings  are  desired  for  normal  requirements  only, 
after  the  radiator  has  been  heated  up,  multiply  the  values  in  the  tables  by  2.2. 

Webster  Return  Traps:  Both  the  Webster  Sylphon  Return  Trap 
and  the  Webster  No.  7  Return  Trap  are  rated  on  the  basis  of  the  quantity 
of  condensation  which  they  will  pass  under  stated  conditions. 

Owing  to  the  fact  that  these  traps  when  cold  are  fully  open,  the  warm- 
ing-up period  of  a  radiator  has  no  bearing  upon  the  problem  of  rating  return 
traps  even  though  the  discharge  of  air  and  water  are  then  at  maximum. 

The  thermostatically  actuated  members  of  Webster  Sylphon  and  No. 
7  Return  Traps  are  sensitive  to  very  slight  changes  of  the  temperature  of 


the  surrouiidinn-  nuHlium.  Tlio  motion  oi"  tho  iii('nit)CTS  is  duo  lo  the  (liti'crcnce 
in  ])n>ssuro  and  lenipcrature  on  a  hcnnctically  sealed  eliarge.  partially 
liquid,  partially  gas  and  vapor,  wliieli  responds  lo  ehanges  in  temperature 
with  material  changes  in  vohune  and  pressure,  and  this  provides  a  ])o\\er- 
ful  force  lo  actuate  the  xaKc  piece. 

Tabic  23-6.     Ratings  of  Webster  Return  Traps  in  Pounds  of  Condensation  and 
B.t.u.     per  Hour  at  Various  Pressure  Differences 


Pressure  difference 

of  trap 

2  oz. 

4 

oz. 

6  oz. 

8  oz. 

1  lb. 

Lb. 

B.  t.  u. 

Lb. 

B.  t.  u. 

Lb. 

B.  t.  u. 

Lb. 

B.  t.  u. 

Lb. 

B.  t.  u. 

H"-512  &  712 

}4"-522  &  722 

%"-53S  &  TAA 

l"-544  &  744 

VA"-5i5  &  745 

14 

66 
133 
265 

13.->K0 

2131(1 

61020 

129010 

257050 

19 

31 

94 

188 

375 

181.30 

30070 

9U80 

182360 

363750 

23 

38 

115 

230 

459 

22310 

36860 

111.550 

223100 

445230 

27 

44 

132 

265 

530 

26190 

42680 

128040 

257050 

514100 

38 

62 

187 

375 

750 

36860 

60140 

182390 

363750 

727500 

Table  23-7.    Initial  Steam  Pressures  and  Pressure  Drops  through  Supply  Pipes, 

Modulation  Valves  and  Return  Traps  of  the  Heating  Systems  of 

Different  Types  of  Buildings 


Case 

Approximate  steam 
pressure  in 
zero  weather 

Pressure  drop 

through  supply 

piping 

Average  pressure  differential 
through  valves 

Modulation 
supply  valve 

Rettim  trap 

A 

M  to  H  Ih. 

J  s  lb.  with  mini- 
mum run-400  ft. 

2  oz. 

2  oz. 

B 

1  to  1  1  2  ll>. 

I4  lb.  with  mini- 
mum run-400  ft. 

1  oz.                           4  to  6  oz. 

C 

1  lo  2  11). 

}  2  II).  with  mini- 
mum run-400  ft. 

1  oz.                             4  to  6  oz. 

D 

I'o  to  2  lb. 

M  to  lib. 

4  oz. 

4  to  6  oz. 

E                        lHto2  1b. 

lib. 

4  to  6  oz. 

8  to  12  oz. 

NOTE:  In  modulation  systems  in  conjunction  with  low-pressure  boilers  of  limited  water  capacity,  it  is  essential  that  the 
drop  in  pressure  through  the  system  be  kept  well  below  the  pressure  due  to  the  static  head  between  the  modulation  vent  trap 
and  the  water  line  of  the  boiler.  Special  apparatus  may  be  provided  to  return  water  to  boiler  where,  owing  to  structural  con- 
ditions, the  above  outlined  conditions  cannot  be  obtained 

Note:  Webster  Water-seal  Traps  in  the  few  cases  where  they  are  used 
are  rated  same  as  the  Sylphon  and  No.  7  Traps. 

Selection  of  Modulation  Supply  Valves  and  Return  Traps: 
For  any  given  installation  the  choice  of  the  proper  sizes  of  modulation 
valves  and  return  traps  will  dei)end  upon  the  available  pressure  ditt'erential 
through  the  valves. 

This,  in  turn,  is  dependent  upon  the  steam  pressure  maintained  at 
the  boiler  and  the  drop  in  pressure  through  the  piping  system.  While  it 
is  not  possible  to  lay  down  hard  and  fast  rules  which  are  ai)i)licable  for  every 
installation,  the  following  ca,ses  are  given  as  representative  types  of  systems 
in    general    use.     Cases    A  to  D  inclusive,  given  in  table  23-7.   relate  to 
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modulation  systems,  with  open  returns  terminating  at  the  boiler  in  a 
modulation  vent  trap  or  some  similar  forms  of  api)aratus.  Case  E  is  the 
usual  type  of  vacmnn  system.  The  proper  sizing  of  supply  and  return  pipes  is 
explaineil  in  detail  in  Chapter  11  and  the  pressure  drops  referred  to  below  are 
found  in  Table  11-8. 

Case  A :  Residences  and  small  apartments  where  the  firing  is  inter- 
mittent, frequently  extending  over  eight  or  perhaps  ten-hour  periods  and 
where  it  is  necessary  to  operate  at  low  steam  pressure.  In  mild  weather  it 
may  be  possible  to  circulate  steam  through  the  entire  system  at  or  perhaps 
slightly  below  atmospheric  pressure.  In  zero  weather  a  pressure  will  be 
maintained  at  the  boiler  of  from  }:l  lb.  to  ^^^  lb.  depending  upon  the  kind 
of  fuel,  length  of  firing  period  and  condition  of  fire. 

Case  B:  ^'ery  large  residences,  apartment  houses,  small  offices  and 
public  buildings  where  large  size  cast-iron  sectional  or  steel  boilers  are 
installed,  operating  at  low  steam  pressure  and  under  the  care  of  a  regular 
attendant,  v.ith  continuous  firing  instead  of  intermittent. 

Case  C:  Schools  and  similar  buildings  containing  large  amounts  of 
indirect  radiation  where  there  are  periods  of  interruption  in  maintaining 
pressure  on  the  system  and  where  quick  circulation  is  desired  when  starting. 

Case  D:  Buildings  where  the  pressure  is  maintained  constant  by  means 
of  a  reducing  valve  and  steam  is  taken  at  higher  pressiu-e  either  from  its 
own  boiler  plant  or  from  a  street  system. 

Case  E:  Office  buildings,  industrial  plants,  etc.  in  which  a  vacuum 
system  is  installed  using  live  steam  at  reduced  pressure,  or  exhaust  steam 
from  engines,  pumps  and  auxiliary  apparatus,  supplemented  by  live  steam 
passed  through  a  reducing  valve.  The  steam  pressure  at  the  entrance  to 
the  supply  piping  in  zero  weather  will  range  from  13^2  to  2  lb.  and  the  vacuum 
on  the  far  end  of  the  return  line  will  be  api^roximately  2-in. 

Webster  Heavy-duty  Return  Traps:  This  trap  is  for  use  Avliere 
large  quantities  of  condensation  are  to  be  handled  at  any  temperature. 
It  has  a  cone-shaped  float-operated  valve  piece  seating  on  a  sharp-edged 
orifice,  the  seat  being  below  the  low-water  line  of  the  trap.  The  air  entering 
the  trap  is  allowed  to  pass  to  the  return  line,  through  a  connection  controlled 
by  a  thermostatically  operated  trap  discharging  through  a  cored  passage  to 
the  return  line.  In  special  cases  the  opening  through  the  air  orifice  may  be 
adjusted  by  hand. 

Table  23-8.    Ratings  of  Webster  Hea\y-cluty  Traps  in  Pounds  per  Hour  at 
Various  Pressure  Differences  Through  the  \  alve 

No  allowance  made  for  pressure  drop  in  the  connecting  piping  between 
radiation  and  trap  or  from  trap  through  run-out  to  return 


Size 

Pressure  difference 

of  trap 

14  U>. 

iLb. 

2  Lb.                 3  Lb. 

4  Lb. 

SLb. 

10  Lb. 

IS  Lb. 

0019 
019 
119 
219 

700 
1250 
2100 
5600 

1000 
1800 
3000 
8000 

1400              1700 

2500             3050 

4200             5100 

11200           13600 

2000 

3600 

6000 

16000 

2200 

4000 

6700 

17900 

3150 

5700 

9500 

25300 

3900 

7000 

11700 

31100 

Webster  Series  20  Modulation  Vent  Traps:   Capacities  of  Series 
20  Modulation  Vent  Traps  are  based  upon  the  assumption  of  an  air  flow  of 
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6000  cu.  ft.  per  hour  llirou,i>h  a  voiil  orifice  of  1  sq.  in.  area  from  a  pressure 
of  1  lb.  above  atmos])here  to  atniosi)lieric  pressure.  This  (luautily  is 
obtained  as  follows:  

Velocity  of  flow  in  feet  per  second  is  V  =  C  ^  2  gh,  and  the  quantity 
in  cubic  feet  per  hour  is  Q  =  3600  x  a  v.  in  which  Q  is  the  ciuantity  in  cubic 
feet,  c  is  a  constant  (0.7),  h  is  the  height  of  a  column  of  air  in  feet,  required 
to  produce  a  pressure  of  1  lb.  per  sq.  in.,  a  is  the  area  of  the  orifice  in 
square  feet,  v  is  the  velocity  in  feet  per  second  and  g  is  "iiAl. 

1  Lb.  of  air  contains  aj^proximately  l.S.'-2  cu.  ft.  For  any  other  pressure 
difference  not  varying  greatly  in  amount  from  the  above  standard  pressure 
difference,  the  quantity  of  discharge  will  be  substantially  proportional  to 
the  squai-e  roots  of  the  pressure  difference.  Assuming  that  oO  sq.  ft.  of 
cast-iron  radiation,  with  connecting  supply  pipes,  will  contain  1  cu.  ft.  of 
space,  from  which  the  air  must  be  discharged  before  steam  will  enter,  the 
following  basic  data  applies  for  Modulation  Vent  Traps. 

Table  23-9.    Basic  Data  for  Modulation  Vent  Traps 


Size  of  trap 

0020 

020 

120 

220 

320 

Cubic  feet  of  air  discharged  per 
hour  at  1  lb.  dififerential 

85 

660 

1176 

2652 

4710 

Cubic  feet  of  air  discharged  per 
hour  at  1  oz.  differential 

21 

165 

294 

663 

1178 

Square  feet  of  direct  radiation 
per  hour  at  1  oz.  differential 

1050 

8250 

14V00 

33150 

58900 

Referring  to  page  117,  it  is  to  be  noted  that  air  vent  traps  are  rated 
on  the  basis  of  flow  of  initial  air  from  a  system  in  40  min.  with  1-oz. 
differential  pressure  through  the  system.  The  table  below  gives  the  ratings 
on  this  basis  for  which  the  Webster  Modulation  Vent  Traps  should  be 
applied. 

Table  23-10.     Ratings  of  Series  20  Modulation  Vent  Traps 


Size  of  trap 

0020 

020 

120 

220 

320 

Square  feet  of  direct  radiation 
in  40  min.  at  1  oz.  pressure 

700 

5500 

9800 

22100 

39265 

No.  of  i-in.  unit  vent 
valves  required 

1 

1 

2 

3 

5 

MoorLATiON  Vent  Values  are  required  wherever  it  is  desired  at  times 
to  operate  the  heating  system  at  a  pressure  less  than  atmosjjheric.  Where 
large  heating  units  are  under  automatic  temperature  control,  the  use  of 
these  vent  valves  is  inadvisable  unless  vacuum  breakers  are  provided  at  the 
proper  points  in  the  piping  system. 
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CHAPTER  XXIV 

Appliances  for  Webster  Systems  of 
Steam  Heating 

EBSTER  Appliances    used    as   parts  of  heating  systems  are  illus- 
trated and  briefly  described  in  the  following  pages. 
These  appliances  include: 

Return  Traps  Gauges 

Heavy-duty  Traps  Modulation  Vent  Traps 

High-difTerential  Heavy-duty  Traps  Modulation  Vent  Valves 

Modulation  Supply  Valves  Damper  Regulators 

Double-service  Valves  Hylo  Vacuum  Controllers 

Oil  Separators  Hylo  Traps 

Grease  and  Oil  Tra])s  Conserving  Valves 

Suction  Strainers  >  Boiler  Feeders 

Dirt  Strainers  High-pressure  Traps 

Vacuum-pump  Governors  Hydro-pneumatic  Tanks 

Lift  Fittings  Expansion  Joints 

Return  Tanks  Steam  Separators 

Water  Accumulators  Feed-water  Heaters 
Vapor  Economizers 

Return  Traps  for  Automatically  Removing  Water  of 
Condensation  and  Air  from  Heating  Units 
The  return  trap,  to  be  perfect  in  operation,  shoukl — 
(a)  Allow  the  condensation  to  escape  at  a  temperature  slightly  below 
that  of  the  steam. 

(6)  Drain  the  radiator  thorouglily  by  gravity,  without  the  assistance 
of  pressure  or  vacuum.  A  water-logged  radiator  loses  efficiency  because 
part  of  the  heating  is  being  done  by  the  water  condensed  from  steam,  which 
is  at  lower  temperature,  and  because  a  water-logged  radiator  is  also  an  air- 
bound  radiator. 

(c)  Permit  continuous  removal  of  air.  An  air-bound  radiator  loses 
efficiency  because  the  steam  cannot  completely  till  it. 

(d)  Automatically  close  to  preAent  loss  or  waste  of  steam. 

(e)  Work  within  the  widest  necessary  range  of  pressure  and  vacuum 
variation. 

(/)   Require  no  adjustment  under  such  VcU^iations. 
ig)  Be  noiseless  in  operation,   if   used  where  noise   is  objectionable. 
(h)  Be  so  designed  that  tlie  valve  will  close  even  where  dirt  may  be 
present  in  normal  quantities. 

(i)  Be  durable  and  require  little  or  no  attention  or  rejjairs. 
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The  efficiency  of  the  radiator  will  dejx'iid  upon  Iiow  nearly  the  return 
trap  meets  these  requirements. 

A  return  trap  workinfj  slugfjishly  will  not  only  hold  back  the  water, 
but  will  "bottle  up"  the  air  and  air-bind  the  radiator,  thus  defeating  the 
very  purpose  of  a  vacuum  system. 

As  different  methods  must  at  times  be  employed  in  connection  with 
direct  radiators,  blast  sections,  riser  drips,  main  drips,  dripping  hot-water 
generators,  factory  coils,  etc.,  Webster  Return  Traps  are  made  in  several 
forms,  at  least  one  of  which  will  meet  the  requirements  of  any  installation. 


100%  RADIATOR   EFFICIENCY 


SUCCESSFUL 
OPERATION 
AT  VARYING 
PRESSURES 


AUTOMATIC  REMOVAL 
OF  AIR  AND  WATER 
OF  CONDENSATION 
WITH  NO  LEAK- 
AGE OF  STEAM 


99.5  PLUS  PER  CENT 
VAPOR   EFFICIENCY 


NO  INTERFERENCE  BY  DIRT  WITH  THE  PROPER  FUNC 
TIONING  OF  TRAP 

Fig.  24-1.     The  requirements  of  a  perfect  radiator  trap 

The  type  and  capacity  of  the  trap  required  depend  upon  the  point  of 
application,  the  amount  of  air  and  water  to  be  removed,  the  character  of 
the  heating  surface  and  the  pressure  and  vacuum  carried.  It  is  important 
that  all  of  these  conditions  shall  be  studied  carefully  before  selection  is  made 
of  the  size  and  type  of  trap  for  specific  applications. 

The  Webster  Sylphon  Trap 

The  Webster  Sylphon  Trap  has  been  specially  designed  to  meet  the 
requirements  for  a  perfect  radiator  trap.  It  maintains  the  highest  possible 
efficiency  w  ithin  the  heating  surface  by  the  removal  of  all  of  the  products  of 
condensation,  and  as  this  is  effected  without  loss  of  steam,  it  is  economical 
in  the  highest  degree.  The  economy  is  especially  apparent  when  reduced- 
pressure  live  steam  is  used  in  w  hole  or  in  part,  or  where,  before  its  appli- 
cation it  has  been  necessary  to  waste  large  cjuantities  of  cold  water  to  cool 
the  heating  system  returns  before  they  enter  the  vacuinn  j^unip. 

The  operating  member  consists  of  a  Sylphon  bellows,  which  carries  a 


conical-shaped  valve  piece,  closing  against  a  sharp-edged  seat.  The  bellows 
member  is  very  sensitive,  operating  to  close  or  open  the  valve  port  by  the 
sligiitest  change  in  the  temperature  of  the  surrounding  medium,  and  is  the 
most  durable  form  of  thermostatic  device  so  far  known.  The  multiple 
construction  of  the  seamless  brass  folds  forming  the  bellows  distributes  the 


tig.  2 1-2.     No.  512  Model  H  Webster  Sylphon  Trap.     Size  of  pipe  connections,  }^-in. 


Fig.  2i-3.    No.  522  Model  H  Webster  Sylphon  Trap.     Size  of  pipe  connections,  J^-in.     Nos.  512  and  522 

differ  in  rating  and  lift  of  valve.  No.  522  being  larger 

No.  523  has  same  size  body  mechanism  and  rating  as  No.  522,  but  has  ?^-in.  pipe  connections  to  meet 

unusual  specifications  in  that  respect 


Strain  of  movement  and  increases  the  life  of  the  operating  member.  In- 
crease in  steam  pressure  on  the  outside  of  the  bellows  is  compensated  by  the 
increase  in  pressure  on  the  inside  of  the  bellows. 

The  sensitiveness  of  this  member  is  due  to  the  flexibility  of  the  walls 


of  the  hollows  to  inoveinont  hi  the  desired  direction  and  the  small  amount 
of  movement  of  each  fold  when  acted  upon  hy  tiie  pressure  surroundinp-  and 
also  thai  irenerated  within  the  bellows.  The  sum  of  the  small  movement 
of  each  of  the  many  folds  j,Mves  a  frrealer  total  lift  of  the  valve  than  any  other 
device  for  similar  |)urpose. 

The  conical  \  alve  piece  and  siiarp-e<lir(Hl  seat  jrive  increased  capacity 


Fit;.  - 1- 1.     !\o.  533  IModel  H  Webster  Sylphon  Trap.     Size  of  pipe  connections,  ?4-in. 

No.  534  has  same  size  body  with  1-in.  pipe  connections  to  meet  unusual  specifications 
No.  544  is  similar,  but  larger  throughout  for  1-in.  pipe  connections  and  greater  duty 
No.  545  is  the  largest  in  proportions  and  ratings.     For  lj4-in.  pipe  connections 

for  discharge  of  water,  and  the  valve  does  not  become  inoperative  due  to 
presence  of  dirt  and  scale. 

The  Webster  Sylphon  Trap  w  ill  close  cpiickly  and  positively  when  steam 
reaches  the  bellows,  while  the  water  and  air  will  be  freely  withdrawn  or  dis- 
charged at  temperature  slightly  below  that  of  steam  at  existing  pressure. 

This  means  that  every  radiator  in  use  will  be  thoroughly  efficient  in 
heating,  as  there  will  be  no  "pocketing"  of  air  or  '"bottling  up"  of  water 
within  the  radiator. 

As  tlie  valve  is  full  open  when  cold,  the  radiator  will  be  fully  drained 
when  steam  is  turned  off.  and  the  vacuum  condition  existing  in  the  return 
line  will  extend  within  the  radiator,  assisting  circulation  when  steam  is 
again  turned  on. 

Oper.\tion:  As  the  steam  first  flows  into  the  cool  radiator,  it  expels  the 
contained  air  and  initial  condensation  through  the  wide-open  trap.  As  the 
radiator  warms  up  from  inflow  of  steam,  the  bellow  s  commences  to  expand, 
but  remains  partially  open  as  long  as  the  air  and  water  in  the  trap  are  at  a 
lower  temperature  than  that  of  the  steam.  The  moment  the  air  is  entirely 
expelled  from  traji  body,  and  replaced  with  steam,  the  valve  closes.  It 
opens  again  when  water  and  air  at  a  temperature  slightly  less  than  that  of 
the  steam  accumulate  in  the  trap.  Then,  as  the  w  ater  and  air  escape  and 
are  replaced  in  the  trap  body  by  steam,  the  trap  again  closes,  thus  complet- 
ing its  cvcle. 


Table  24-1.     Models  and  Dimensions  of  No.  5  Sylphon  Traps  for  Working 
Pressure  Up  to  10  Lb.  per  Sq.  Li. 

For  convenience  in  making  pipe  connections,  Webster  Series  5  Sylphon  Traps  of  tlie  smaller  sizes  are  made 
with  fonr  types  of  bodies  as  shown.     Model  H  or  angle  is  the  one  most  used 


Model  G 
Straightway  offset 


Fig.  2  1-5.     Bodies  of  Webster  Series  5  Sylphon  Traps 
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Fig  24-6 


Fig.  2 1-8 


Fig.  24-7 


Size 

Trap  no.  and  model 

A 

B 

c 

D 

E 

M" 

512G,  512Ro 

r  512L 

3" 

iVi" 

1" 

i'A" 

IM" 

H" 
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1" 
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\H" 

6" 
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For  ratings,  see  Table  23-6,  page  238. 
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The  Webster  No.  7  Trap 


Fig.  21-9     Exlerior  and  interior  of  No.  121  Webster  Trap 

Webster  No.  7  Traps  also  realize  all  of  the  requirements  for  thoroughly 
satisfactory  operation  as  radiator  traps.  They  are  apphed  at  the  outlets 
of  steam  radiators  and  coils,  at  drip  points 
on  steam  supply  hnes  and  risers  and  at  the 
outlets  of  blast  sections  on  fan  coils  and 
provide  continuous  free  and  thorough  re- 
moval of  entrained  air  and  water  of  con- 
densation, without  permitting  any  live  steam 
to  escape  to  waste  in  the  return  lines. 

The  inlet  of  the  trap  is  attached  to  the 
radiator,  coil  or  supply  line  by  means  of  the 
union  connection,  and  the  outlet  is  piped 
into  the  return  line. 

The  thermostatic  member  is  inboard  of 
the  valve  seat  where  not  affected  by  pressure 
or  temperature  in  the  return  line. 

The  diaphragm,  which  forms  the  active 
part  of  the  operating  member,  is  built  of 

Table   24-2.     Models  and  Dimensions  of   Webster 

Series  7  Traps  for  Working  Pressure 

Up  to  10  Lb.  per  Sq.  In. 

For  convenience  in  making  pipe  connections,  Webster  Series 
7  Traps  are  made  with  four  types  of  bodies  as  shown.  Model 
H  or  angle  is  the  one  most  used  
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For  ratings  see  Table  23-6,  page  238 


Fig.  24-11 


four  successive  phosphor-lironze  plates  instead  of  the  usual  two  and  for  that 
reason  there  is  greater  diaphragm  movement  and  the  valve  has  greater  lift 
than  usually  found  in  traps  of  similar  types. 

The  expansion  and  contraction  of  the  diaphragm  member  is  produced 
by  differences  in  volume  and  pressure  of  a  hennetically-sealed  fluid  charge 
in  response  to  changes  in  temperature.  Even  a  very  slight  temperature 
change  produces  a  powerful  force  to  actuate  the  conical  valve  piece,  which 
in  closing,  fits  tightly  on  a  sharp-edged  seat. 

No  part  of  the  valve  mechanism  is  impaired  by  the  quantities  of  the 
scale  and  dirt  which  normally  exist  in  steam-heating  systems. 


Webster  Heavy-duty  Traps 


Fig.  24-12.     Series  19T  Webster  Heavy-duty  Trap 
with  thermostatically  controlled  air  bypass 

Series   19T  avith  Thermostati- 
cally CONTROLLED  AlR  ByPASS.      FoR 

15-LB.  Maximum  Operating  Pressure  : 
The  Webster  Hea\7'-duty  Trap  handles 
unusually  large  quantities  of  conden- 
sation, and  is  for  dripping  main  supply 
risers  or  mains  entering  or  leaving  the 
building,  for  draining  large  sections 
of  blower  coils  or  pipe  manifolds,  for  draining  hot-water  generators,  etc. 

Insofeu"  as  the  discharge  of  condensation  is  concerned,  this  trap  operates 
on  the  float  principle  and  has  a  large  water  outlet  to  withdraw  the  con- 
densation as  quickly  as  possible  from  the  unit  to  be  drained. 

Air  is  eliminated  by  means  of  a  thermostatically  actuated  by-pass,  as 
shown  in  Figure  24-12.  The  operating  device,  the  valve  piece  and  seat  are 
the  same  as  used  in  the  Webster  No.  7  Trap. 
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The  hody  and  cover  are  of  cast  iron.  The  cover  is  bolted  on.  easily 
removable  and  so  designed  that  all  interior  parts  are  ex])osed  for  insjjection 
upon  its  removal.  The  outlet  is  in  the  bottom  of  the  body,  and  the  inlet 
may  be  on  (Mther  end,  with  the  opj)osite  opening  plugged.  It  is  recom- 
mended thai  wherever  ])ra(lical  the  inl(>t  farthest  away  from  the  valve  be 
used.  An  opening  is  j)rovifled  at  the  bottom  of  the  iloat  chamber  as  a  clean- 
out  by-pass  and  for  draining  the  trap  when  out  of  use. 

The  float  has  ample  leverage  to  avoid  sticking  of  the  vah  e.  Tiic  cone- 
pointed  valve  and  square-edged  seal  prevent  accunuilation  of  dirt  where  it 
might  clog  the  port.  The  valve  is  water-sealed  at  all  times,  as  the  water 
level  is  always  well  above  the  seat.  The  float  lever  is  kept  within  the  ver- 
tical plane  of  action  by  guide  flanges  cast  into  the  trap  body. 

This  trap  can  also  be  furnished  sj^ecial  with  hand-controlled  air  and 
by -pass,  where  unusual  conditions  require  such  construction.  In  such  cases 
the  air  jiort  is  adjustable  for  any  desired  degree  of  constant  leakage. 

Some  of  the  many  ])ractical  applications  of  the  Series  19T  Trap  will  be 
found  in  Chapter  22.  Ratings  are  given  on  ])age  239  and  dimensions  on 
page  2 19. 


Fig.  2H3.  Conventional  arrangement  of  Series 
20  Webster  High-differential  Heavy-duty  Trap 
and  Special  Webster  Dirt  Strainer  (Inlet  pipe 
may  be  connected  to  opposite  end  if  desired) 


Fig.  2\r-l  1.  Series  20  Webster  High-differential 
Heavy-duty  Trap  for  working  pressures  up_to 
■JO  lb.  per  sq.  in. 


High-Differential  Type,  Series  20,  For  Working  Pressures  up 
TO  50  LB.  PER  SQ.  IX.:  The  Webster  Hiyh-differeutial  Heavy-duty  Trap 
is  recommended  for  steam  pressures  higher  than  15  lb.  and  where 
hirge  quantities  of  condensation  may  be  discharged.  It  is  jiarticuhirly 
apjihcable  to  problems  like  or  similar  to  those  described  in  Chapter  19. 

The  trap  body  is  constructed  of  cast  iron  and  has  an  easily  removable 
cover  of  the  same  material.  The  A-alve  is  of  the  balanced  type  and  operates 
against  a  steam-brass  seat.  The  ball  float  is  extra  heavy  to  withstand  the 
higher  pressures. 

The  Webster  High-differential  Heavy-duty  Trap  may  be  oj^erated 
with  a  constant  leakage  through  a  hantl-adjusted  air  vent,  though  the  l)est 
practice  calls  for  control  of  the  air  discharge  by  means  of  a  thermostatically 
actuated  valve  in  a  by-pass  of  pipe  and  fittings  as  shown  in  Figure  21-16. 
It  is  important  to  note  in  this  case  of  higher  than  ordinary  steam  pressure, 
that  the  thermostatic  trap  must  be  of  the  No.  8  Sylphon  type.   (See  page  275.) 

Table  24-3.     Dimensions  of  Webster  Heavy-duty  Traps 

All  dimensions  in  inches  and  subject  to  slight  variation 


Fig.  2l-I.>.     Standard  typt' — Series  19T 


Fig.  21-1(1. 


ji  Plugged 
Drain  Opening 

High-differential  t\pe — Series  20 


For  ratings  of  Heavy-duty  Traps  see  Table  23-8.  page  239 
Series  19T,  with  thermostatically  controlled  by-pass 
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The  Webster  Type  W  Modulation  Valve 


Fig.  21-17.     The  Webster  Type  W  Modulation  Valve — shown  in  piirlK  (ipcn  position 


The  Webster  Type  W  Modulation  Valve  is  a  special-purpose  radiator 
valve  of  the  quick-opening,  non-rising  stem,  straight-lift  typo,  built  for  com- 
plete opening  or  closing  with  less  than  a  single  turn  of  the  handle.  Its 
manipulation  is  as  simple  and  its  control  as  effective  as  the  movement  that 
regulates  light  from  a  gas  jet. 

As  the  names  implies,  the  principal  function  of  the  Webster  Modulation 
Valve  is  to  facilitate  "modulation"  of  temperature  in  each  room  according 
to  the  desires  of  the  occupant,  l)y  varying  the  amount  of  steam  admitted 
to  the  radiator  or  coil.  A  pointer  attached  to  the  handle  traveling  over  a 
graduated  dial  indicates  the  amount  of  valve  opening  at  all  times. 

With  the  valve  full  open,  the  discharge  capacity  through  the  ports  is 
nearly  equal  to  tiiat  of  the  outlet  connection  of  the  valve. 

Less  than  three-fourths  of  the  valve  lift  and  opening  movement  is  re- 
quired to  produce  modulation  up  to  normal  full  heating  requirement.  The 
rest  is  in  reserve  to  admit  more  steam  during  the  heating-up  period,  as  needed 
to  compensate  for  the  higher  condensation  rate  caused  by  contact  with  the 
cold  radiator  and  its  surrounding  air. 

Construction  Details  :  The  modulation  effect  is  produced  by  a  pat- 
ented modulating  plug  which  varies  admission  of  steam  in  progressive  vol- 
ume with  the  lift  of  the  valve  piece. 

A  Jenkins  disc  is  used  to  insure  tight  closing.  With  the  exception  of 
this  and  the  handle,  all  parts  are  of  brass.  The  handle  is  of  special  composi- 
tion and  so  formed  that  the  hand  of  the  operator  does  not  come  into  contact 
with  the  heated  surface  of  the  valve  body. 

Application:  The  Webster  Modulation  Valve  may  be  used  on  either 
hot-water  type  radiators  (having  connections  from  section  to  section  at  both 
top  and  bottom)  or  with  steam  type  radiators  (bottom  connections  only), 
although  the  former  type  is  preferable  from  the  standpoint  of  convenience. 

Where  the  Webster  Modulation  Valve  is  used  with  the  hot-water  type 
of  radiator,  it  should  be  placed  at  the  top  to  bring  the  operating  handle  in 


the  most  convenient  location  and  to  permit  the  steam  to  circulate  across 
and  dowTaward.  Air  and  condensation,  being  heavier,  fall  to  the  bottom 
in  advance  of  steam  and  give  full  efficiency  to  the  heated  part  of  the  radiator. 

^\^lere  the  Webster  INIodulation 
Valve  is  used  with  a  steam  type  radiator, 
it  is  possible  by  the  use  of  an  inlet  section 
of  the  hot-water  type  to  secure  the  con- 
venience of  operation  which  is  obtained 
where  the  valve  is  placed  at  the  top  of 
the  radiator. 

If  placed  at  the  bottom  of  radiators, 
because  other  connections  cannot  be 
arranged,  the  inlet  bushing  should  be 
eccentric  and  so  located  that  the  center 
line  of  the  radiator  or  inlet  is  above  that 
of  the  radiator  outlet.     This  is  essential 


Fif;.  21-18.     Tvpioal  ;.pplirnlioM  ,,i    ih, 
sioii  sttiu  principle 


to  prevent  condensation  from  drain- 
ing by  gravity  through  the  supply 
instead  of  the  return  connections, 
thus  eliminating  water-hammer. 


Fig.  2 1-19.    Typical  appli- 
calion    of    cbedn    attach- 
ment to  Webster  Type  \V 
Modulation  Valve 


Extension  Stem:  For  atlarhnieiit  to  radiators  conccalecl  in  recesses  or 
un(l(>r  window  seals  l)eliind  grilles,  tiie  Webster  Modulation  Valve  is  ])rovided 
with  an  extension  stem  and  a  special  dial  that  may  be  placed  on  the  face,  top 
or  end  of  the  grille  or  seat  (see  Figure  2  1-18). 

The  stem  has  a  universal  joint  on  each  end,  which  permits  oj)eratioii 
of  the  valve  from  a  point  not  directly  in  line  with  the  valve  stem,  and  at 
the  same  time  provicles  enough  |)lay  to  avoid  slicking  or  binding  from  mis- 
alignment or  siiifling  caused  by  expansion  and  contraction.  This  con- 
struction also  avoids  the  necessity  for  very  accurate  stem  connections. 

The  outside  indicator  dial,  pointer  and  handle  are  similar  to  those  used 
on  top  of  the  standard  valve. 

Chain  Attachment:  The  Webster  Modulation  Valve  to  be  ajjplied  to 
radiators  or  coils  located  in  skylights,  overhead,  or  on  walls  near  the  ceiling, 
can  be  fitted  with  a  chain  attachment  for  convenience  in  obtaining  every 
advantage  of  the  modulation  feature  (Figures  21-19  and  2i-20). 

The  chain  wheel  is  substituted  for  the  handle  of  the  standard  type  of 
Modulation  Valve  and  the  chain  is  made  just  long  enough  to  ])ermit  easy 
grasp  from  the  floor.  Tags  au^e  attached  to  bottom  of  the  chain  in  such 
positions  that  the  hanging  end  indicates  the  degree  of  valve  opening. 


Table  24-4.     Dimensions  of  Type  W 
Modulation  Valve 


Size 

A 

B 

C 

D 

K2 

2« 

IJ4 

2's 

■l!'s 

h 

3J-8 

IM 

2H 

Ws 

1 

31/4 
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23€ 

5H 

13-4 

35., 

2M 

6 

AU  dimensions  in  inches  and  subject  to  slight  variation. 
^.  For  ratings,  see  Table  23-3,  page  237 

Fig.  2U21 

The  Webster  Double-service  Valve 

This  is  one  of  the  latest  developments  of  apparatus  for  simjditying 
piping  connections  in  steam  heating  systems  in  certain  types  of  construction. 

Common  practice  in  buildings  of  only  one  story  and  in  some  other 
instances  calls  for  a  steam  supply  line  along  the  ceiling  of  the  iirst  floor  to 
feed  each  radiator  or  coil  through  a  short  down-feed  riser,  which  nuist  be 
dripped  into  the  return  line.  This  nuilliplicity  of  unsightly  connections  is 
simplified  by  the  use  of  Webster  Double-service  Valves,  applied  in  the 
manner  shown  in  Figure  24-23. 

This  valve  perfonns  "double  service, '"  as  a  supply  valve  for  the  radiator 
and  as  a  trap  for  draining  the  riser. 

The  thermostatically  controlled  valve  is  open  w  hen  there  is  water  or  air 
in  the  riser,  and  permits  the  condensate  to  flow  through  a  bypass  in  valve 
body  into  the  radiator  and  thence  into  the  return.  Upon  presence  of  steam 
the  thermostatic  member  expands,  closes  the  valve,  and  tluis  prevents 
waste  of  steam. 
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Steam  is  admitted  to  the  radia- 
tor in  amount  desired,  h\  means  of 
the  quick-opening  valve.  Avliich  is  pro- 
vided with  a  graduated  dial  and  handle. 
This  valve  does  not  include  the  modula- 
tion feature,  as  the  supply  valve  is  designed  only  for 
quick  opening  without  respect  to  modulating  effect. 

The  valve  hody  is  best-quality  cast  iron,  and  all 
other  parts  except  the  valve  disc  and  handle  are  brass. 
Nut  and  nipple  are  provided  only  at  one  end  to  promote 
easy  installation.     All  outside  parts  are  nickel-plated. 


Return  Main. 


WEBSTER 

DOUBLE  SERVICE 

VALVE 


A  A 


i/VK 


Eccentric  Bustling 

WEBSTEfl 
RETURN  TRAP 


M 


Fig.  24-23.     Application  of  a  Webster  Doiihle-service  Valve  to  a  standard  cast-iron  radiator 

253 


Tho  thermostatic  inembor,  which  is  built  up  of  four  discs  of  phosphor 
bronze  and  filled  wilh  a  volatile  fluid,  the  conical  valve  piece  and  the  sharp- 
edged   seat   are  of  standard  pat- 
tern as  used  in  the  Webster  No.  7 
Trap. 

The  inlet  valve  is  provided 
with  a  ring  seat  and  Jenkins  disc 
to  insure  tight  closing.  Its  quick- 
opening  feature  is  provided  by  a 
screw  stem  of  such  pitch  that  the 
valve  will  be  completely  opened 
with  less  than  a  complete  turn  of 
^.    ,., .       .^    ■  ■        •    ,r  ,  the  handle. 

Fig.  21-21.     The  \V  ebster  Uouble-service  V  alve 

Table  24-5.     Dimensions  of  Webster  Double-service  Valves 


Size 

A 

B 

c 

D 

E 

F 

G 

H 

J 

U 

3J4 

1 

2ys 

55^ 

1% 

2M 

2Vs 

9H 

^ 

1 

Ws 

134 

2H 

^Vi 

VA 

3 

3 

9H 

Vs 

IH 

4 

IH 

2ys 

6Ji 

m 

Ws 

SVs 

103^ 

^ 

VA 

4H 

1^ 

2J^ 

8 

IM 

3H 

SVs 

Ilk' 

Vs 

All  dimensions  in  inches  and  subject  to  slight  variation.     For  ratings,  see  page  237 


Webster  Oil  Separators 

The  Series  21  Webster  Oil  Separator  is  made  in  two  patterns — for  either 
horizontal  or  vertical  direction  of  steam  flow.  The  bafHes  in  the  horizontal 
type  are  double-hooks  so  that  either  nozzle  may  be  used  as  the  steam  inlet. 
The  vertical  pattern  is  suitable  for  up-flow  of  steam  only. 

An  outstanding  feature  of  this  series  of  Webster  Oil  Separators  is  the 
position  of  the  manhole  cover  which  makes  it  possible  to  inspect  or  clean 
the  device  witliout  disturbing  the  piping. 

Separation  of  oil  and  condensation  is  effected  by  impact  upon  and 
adhesion  to  baffles  and  by  abrupt  changes  of  direction  of  flow  tlirough  the 
separator. 


Series  21  Webster  Oil  Separator  Standard  Horizontal  Type 
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Fig.  2-1-26.     Series  21  \\  ebster  Oil  Separator,  Slandaril  Vertical  Type,  for  iipllow  only 

There  is  no  unobstructed  path  through  any  Webster  Oil  Separator, 
yet  the  free  area  through  which  steam  must  pass  is  several  times  greater 
than  inlet  and  outlet  area,  thus  minimizing  pressure  loss  due  to  friction. 

The  use  of  these  separators  pro- 
tects boiler  heating  surfaces  and  inte- 
rior surfaces  of  heating  systems  from  ^° """"°  ""'"' 
the  oil  deposits  that  otherwise  seriously 


WEBSTER  OIL  SEPARATOR 


To  Heating  Supply  Main^ 

Size  of  Vent  to  correspond  with  Si 
of  Tapping  in  Top  of  Grease  Trap 

WEBSTER  GREASE  AND  OIL  TRAP-^ 


By  Pass  ' 
-Larger  than  Drip  of  Oil  Separalo 


. ....  Distance  from  Bottom 
of  Oil  Separator  to  the 
Inlet  ot  Grease  Trap  must 
be  at  least  Five  Feet  '5'-0'') 


Fig.  24-27.     Method  of  connecting  a  Webster  Grease 

Trap  to  a  Webster  Oil  Separator,  where  a  partial 

vacuum  may  at  times  be  carried  on  the 

heating  main 


Fig.  24-28.   Typical  method  of  draining  Webster 
Oil  Separator  through  a  Webster  Grease 
Trap,  where  positive  pressure  is  main- 
tained at  aU  times 


impair  heat  transmission  and  often  cause  serious  damage. 

These  separators  may  also  be  used  for  such  special  purposes  as  removing 
moisture  or  oil  from  compressed  air  and  other  gases. 

That  Webster  Separators  are  efficient  in  all  their  standeu-d  and  special 
forms  is  indicated  by  absolute  satisfaction  in  over  15,000  installations. 


The  material  ordinarily  used  in  the 
shells  is  close-fjrained  cast  iron,  hut  spe- 
c  al  shell  of  seuii-stcel,  cast  steel  or  other 
material  can  he  furnished  at  extra  cost. 

Table  21-6.  IMaximuin  Ratings  of  Oil  Sepa- 
rators in  Lb.  per  Min.  at  Average  Gauge  Pres- 
sures Based  on  6000  Ft.per  Min. Pipe  Velocity 


Pressure,  lb.  per  sq. 

in. 

Size 

0 

5 

10 

15 

•■• 

.S.2 

6.7 

8.4 

10. 

:i 

11.4 

15. 

18.6 

22. 

4 

19.8 

26. 

32. 

38. 

5 

31. 

40.6 

50.2 

.59.7 

6 

45. 

.59. 

73. 

86.5 

8 

78. 

102. 

126. 

150. 

10 

123. 

160. 

200. 

235. 

12 

176. 

2.-$l. 

285. 

339. 

14 

099 

292. 

361. 

427. 

16 

294. 

385. 

475. 

565. 

18 

375. 

492. 

608. 

720. 

20 

452. 

595. 

735. 

870. 

22 

550. 

725. 

900. 

1060. 

24 

660. 

870. 

1070. 

1270. 

r H ' 

^  Oullel 

t      1              1 

I 

^  -^^ 

)                   ( 

fi  -Jj 

3 

1    ^- 

U                    > 

1      t         1 

1 

For  lower  velocities,  the  pounds  carried  will  be  propor- 
tional as  the  lower  velocity  is  to  6000  F'     ''  t  10 

Table  24-7.     Dimensions  of  Webster  Oil  Separators 

All  dimensions  in  inches.     Companion  flanges  furnished  only  on  special  order;  drilled 
low-pressure  standard  unless  otherwise  ordered 
Standard  Horizontal  Type  (Fig.  24-30) — for  steam  flow  in  either  direction 


Dimensions 

Flanges 

SIZE 

B 

D 

E 

F 

G 

Drip 

Outside 
diameter 

Bolt 
circle 

No.  &  sizes 
of  bolts 

•1^ 

10 

6^^ 

3H 

4?8 

6K 

3/4 

*2 

lOM 

8 

Ws 

-^Vs 

'H 

3/i 

2 

12 

8 

Wi 

oVs 

-Va 

3/4 

6 

iH 

4-^ 

2^ 

133/4 

10J..i 

^y% 

6 

W% 

3/4 

7 

W2 

4^yg 

3 

15 

IIH 

6K 

6K 

9^ 

3/4 

IVo 

6 

4-Ji 

3J^ 

153^ 

103/8 

5 

6M 

lOJ^ 

1 

S'A 

7 

4-ys 

4 

16J^ 

11J4 

5}^ 

63^ 

IIM 

1 

9 

-iVi 

s-ys 

5 

liH 

UH 

5M 

7^ 

13M 

1 

10 

s'A 

8-M 

6 

19 

\w% 

6 

&H 

133.g 

1 

11 

9)4 

8-M 

8 

21 

12H 

(>y% 

83/8 

18^ 

\% 

133/2 

wy* 

8-% 

10 

16 

Wi 

93/8 

\Wa 

Wi 

16 

liH 

n-Vs 

12 

21H 

18M 

9Vs 

10  H 

221.2 

9 

19 

17 

12-^ 

14 

28 

\W2 

iiM 

22J/8 

2 

21 

18  M 

12-  1 

16 

31 

25M 

nV2 

13 

23  J^ 

23'-2 

23>^ 

2VA 

16-  1 

*Screw  connections  only.      Standard  Vertical  Type  (Fig.  24-29)— for  up-flow  only 


Dimensions 

Flanges 

SIZE 

B 

D 

E 

H 

Drip 

Outside 
diameter 

Bolt 
circle 

No.  &  sizes 
of  bolts 

3 

13J^ 

1% 

3J4 

7^ 

H 

7K2 

6 

4-^8 

3M 

liVs 

83/i 

4 

9 

H 

8^ 

7 

Ar-ys 

4 

16 

9% 

W2 

10}^ 

1 

9 

73-^ 

s-yg 

:> 

16^4 

12 

5^ 

12^ 

1 

10 

syi 

8-H 

6 

18 

1514 

63/^ 

15M 

1 

11 

934 

8-M 

8 

20  H 

17H 

8Ji 

19M 

IM 

131., 

113/4 

8-3/4 

10 

22H 

21?-^ 

lOJ^ 

25 

1^ 

16 

14^4 

12-/i 

12 

24 

24M 

11  Ks 

29^ 

19 

17 

12-J^ 

14 

253/4 

283/g 

13^ 

33^ 

9 

21 

18H 

12-  1 

16 

28 

■iVA 

153^ 

38M 

2H 

23  J^ 

2134 

16-  1 

Webster  Low-pressure  Receiver  Oil  Separators 

These  separators,  acting  as  eliminators  of  oil  and  condensation  and  as 
receivers  or  mufflers,  are  used  chiefly  in  exliaust  steam  lines  between  recipro- 
cating engmes  and  low  or  mixed-pressure  turbines,  or  as  receivers  for  the  in- 
tennittent  exliaust  from  groups 
of  steam  hanuners. 

They  are  of  riveted  steel  con- 
struction, with  cast-iron  nozzles, 
and,  like  most  of  the  Webster  Oil 
Separators,  are  equipped  with 
liooked  steel  multi-ballles.  The 
nozzles  are  of  cast  iron  with  flanges 
drilled  low-pressure  standard. 

The  illustration  shows  one  of 
the  many  forms  of  the  Webster 
Low-pressure  Receiver  Oil  Sepa- 
rator. The  inlet  and  outlet  noz- 
zles may  be  located  to  conform 
with  any  direction  of  flow  of 
steam.     The  axis  of  the  sheU  may  be  either  horizontal  or  vertical. 

Inquiries  regarding  the  Webster  Low-pressure  Receiver  Oil  Separators 
should  be  accompanied  by  a  sketch  showmg  the  proposed  location  of  and 
space  available  for  the  separator,  the  sizes  and  locations  of  inlet  and  outlet 
nozzles  and  the  direction  of  flow.  The  inquiry  should  state  the  maximum 
amount  of  steam  to  be  purified. 

Webster  Grease  and  Oil  Traps 


Fig.  2^31.    The  Webster  Low-pressure  Receiver  Oil 
Separator 


Fig.  24-32.     The  Webster  Grease  and  Oil  Trap 

The  Webster  Grease  Trap  is  for  use  in  draining  oil  separators  on  exhaust 
steam  lines  or  on  feed-water  heaters,  or  for  removing  from  the  course  of  the 
steam  any  accumulations  of  oily  drips  at  other  points  in  the  low-pressure 
steam  mains  or  branches.  It  wiU  operate  with  equal  efficiency  under  emy 
pressure  between  atmospheric  and  15  lb.  per  sq.  in.,  above.  It  is  not  de- 
signed for  use  under  high  vacuum  conditions. 

As  shown  in  the  accompanying  sectional  illustration  (Figure  24-32)  the 
valve  mechanism  is  simple.  The  discharge  orifice  is  designed  to  give  the 
full  area  of  the  inlet  opening.  The  valve  piece  is  conical  and  closes  against 
a  sharp-edged  seat. 


The  ball  float  and  valve  chadiber  are  easily  reached  for  (iiiick  cleaning 
without  disliirbinn;  pi})e  connections. 

Properly  installed,  the  Webster  Grease  Traj)  should  be  provided  with  a 
bypass  in  the  piping  around  it;  a  check  valve  should  J)e  in  the  line  beyond 
the  outlet  and  bypass,  and  an  equalizing  or  vent  pipe  should  Ix^  run  from 
the  top  of  trap  to  the  exhaust  main  beyond  oil  separator.  S(m^  l-'igure  24-28. 
Ratings  for  Webster  Grease  Traps:  Because  the  mixture  to  be 
discharged  is  likely  to  be  more  or  less  viscous  and  sluggish  in  movement 

when  it  is  cool  it  is  impossible  to  rate  grease 
traps  on  a  condensation  basis.  The  size  of 
grease  trap  to  be  selected  in  any  case  should 
be  that  of  the  drip  connection  of  the  oil 
separator  which  it  is  to  drain. 

Table  24-8.    Dimensions  of  Webster  Grease  and 
Oil  Traps 


Number 

A 

A' 

B 

c 

D 

E 

F 

G 

H       D       V 

w 

016 

Va 

H 

1534 

1 

8 

15 

i}4 

3V^ 

2J/8    SVs 

6H 

H 

116 

1'4 

1'4 

19  Vr 

1^/fi 

9 

18»/r 

5»/« 

■iV, 

4     \0H 

7 

1 

216 

-'0^8 

1^8 

ioy2 

i9ys 

<>H 

i'A 

iVs  12M 

» 

1^ 

Fig.  24-33 


All  dimensions  in  inches  and  subject  to  slight  variation 


The  Webster  Suction  Strainer 


Fig.  24-34.     The  Webster  Suction  Strainer 


The  Webster  Suction  Strainer  is  used  to  prevent  the  passage  to 
the  vacuum  pump  of  dirt  and  scale  brought  down  with  the  condensation 
from  a  vacuum  heating  system.  The  use  of  this  strainer  prevents  scoring 
of  the  pump-cylinder  hning,  valves  and  piston  rods  and  the  serious  efTiciency 
losses  and  repair  bills  that  would  follow  such  scoring.  The  strainer  is  pro- 
vided with  a  tapping  for  the  introduction  of  cold  make-up  water  when  same 
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is  desired  and  when  specially  ordered,  a  spray  nozzle  is  provided  to  insure 
thorough  mixture  of  cold  water  and  vapor  in  return.  Another  tapping  is 
provided  for  a  connection  to  the  vacuum  gauge  and  a  third  plugged  outlet 
is  for  draining  the  body  when  the  strainer  is  not  in  use.  The  shell  and  re- 
movable cover  are  of  cast  iron  with  composition  gasket  in  the  joint.  Com- 
panion flanges,  drilled  low-pressure  standard,  are  provided  for  inlet  and  out- 
let connections. 

The  basket  is  of  perforated  brass,  and  has  at  its  top  rim  a  casting  in 
which  is  fastened  a  handle  for  hfting  out  the  strainer.  The  perforations  are 
0.043  in.  in  diameter  and  of  sufficient  number  to  provide  a  total  area  twice 
that  of  the  entering  pipe. 

The  Webster  Suction  Strainer  is  to  be  placed  in  horizontal  piping  only, 
and  should  be  set  so  that  the  axis  of  the  body  avlU  be  vertical.  Water 
flows  to  it  in  the  direction  of  the  arrow  (see  Figure  24-34),  and  its  course 
through  the  strainer  is  evident  from  the  sectional  view  in  the  same  figure. 

During  the  cleaning  process  it  is  customary,  if  the  system  must  be  main- 
tained in  operation,  to  use  either  the  relay  pump  or  the  ejector,  if  there  is 
one,  and  if  not,  to  temporarily  run  the  returns  by  gravity  to  the  sewer  or 
waste,  closing  the  stop-valve  in  the  main  return.  The  entire  operation  oc- 
cupies but  a  few  minutes. 


Table  24-9.     Dimensions  of  Webster  Suction  Strainer 

K-  No.  and  Size  Bolls 

I      N  Tapped  and  Plugged 

For  maximum 

working  pressure 

of  15  lb.  per 

sq.  in. 

^eJ  1 

Fig.  2 1-35  Top  view 

All  dimensions  in  incHes  and  subject  to  slight  variation 


m      A'         r 

B > 

2 

5^ 

45-8 

12 

6 

6yi 

5M 

4M 

4^^x2 

y2 

Vi 

3 

^Vs 

Ws 

IBM 

-'A 

8Vs 

SH 

6 

4-^x2M 

y2 

V, 

4 

8A 

511 

163/8 

9 

10^ 

■!% 

iy2 

8-5^x2M 

y^ 

% 

5 

95^ 

6^ 

18^ 

10 

12^ 

8M 

S'A 

8-hr2H 

34 

"4 

6 

lOM 

-?A 

20K 

11 

13H 

9Vs 

9J4 

s-hr2H 

y2 

% 

7 

12^ 

9^ 

25 

12J^ 

19J^ 

13 

lOM 

8-^4x3 

Vi 

1 

8 

UVs 

9% 

21K 

l^'A 

21 

14^ 

iiM 

8-^x3  Ji 

% 

1 

10 

17M 

11 J4 

32M 

16 

243^ 

16% 

UH 

i2-ysxsy2 

% 

1 

i:! 

21 

12  >g 

38 

19 

29 

20 

17 

12-J/8X3H 

Va 

1 

Webster  Dirt  Strainers 

Webster  Dirt  Strainers  are  used  m  steam  heating  systems  to  prevent 
dirt  from  entering  radiator  traps  or  traps  on  drip  points,  mains  or  blast 
coils.  They  provide  convenient  receptacles  for  retention  and  accumulation 
of  pipe  chips,  rust,  dirt,  etc.,  where  impurities  can  do  no  harm  and  where 
they  are  easily  and  quickly  removed. 


11(4-1-36.     Class  A  (Offset)  Fig.  21-37.     Class  B  (Straighlvv ay) 

Webster  Dirt  Strainers 

Two  models  are  made:  Class  A  with  offset  and  Class  B  with  straight- 
way pipe  connections.  Both  have  cast-iron  shell  and  cover,  the  latter  made 
easily  removable  by  means  of  a  yoke  and  screw. 

The  basket  is  made  from  sheet  brass  perforated  with  0.043-in.  diameter 
holes.  The  total  free  area  tlirough  the  basket  is  several  times  the  area  of 
the  entering  pipe.  The  sides  of  the  basket  are  reinforced  with  strips 
which  are  continued  upward  to  form  a  bale  handle.  This  handle  not  only 
serves  to  make  the  basket  easily  removable  but  acts  as  a  spring  against 
the  cover  to  hold  the  basket  in  place. 

The  range  of  types  and  sizes  offers  a  selection  for  any  service  conditions. 

The  use  of  these  strainers  greatly  lessens  the  amount  of  attention  re- 
quired to  keep  the  system  in  thoroughly  efficient  operation  and  eliminates 
incentive  for  the  neglect  always  to  be  expected  with  dirt  pockets  composed 
of  pipe  fittings,  which  cost  nearly  as  much  to  make  and  are  never  as  good. 

Table  24-10.     Dimensions  of  Webster  Dirt  Strainers,  Classes  A  and  B 
Maximum  pressure,  15  lb.  per  sq.  in. 

Dimensions  in  inches  and  subject  to  slight  variation 
Class  B 


E  Di3 

Class  A 

r^l 

c' 

^  -M 

1       |A-PiqeTap| 

Class  A 

—Offset  (Fi 

?.  24-38 

No.         Size  A         B 

B' 

B-'i   C 

D 

1  E 

F 

G 

H 

018-A   l^or     HW2 
118-Al      otVA^H 
218-Ali^or2     6 

2H 

3M8M 

2  ^Vi 

3  3 

6 

9A 

2% 
■Wa 

2M 
3M 
4M 

Class  B.— Straightway  (Fig.  24-39) 

No. 

Size  A 

B 

B' 

B- 

c 

E 

F 

G 

H 

018-B 
118-B 
218-B 

3-^  or    H 
1      or  11^ 
lJ^or2 

4M 
5M 
7M 

m 

2J4 
■2H 

2K 

5A 
8H 

2)/8 

3 

6 
9A 

2M 
3H 
4M 

23^ 
3M 

Fig.  24-38  Fig.  24-39 

The  Webster  Vacuum-pump  Governor 

The  vacuum  pump  of  a  vacuum  heating  system  should  be  as  nearly 
automatic  in  operation  as  possible. 

The  Webster  Vacuum-pump  Governor  automatically  controls  the  admis- 
sion of  steam  to  the  pump  cylinder  or  cylinders  in  proportion  to  the  degree  of 
vacuum  required.     When  only  part  of  the  heating  load  is  on,  just  enough 
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steam  is  adiuitted  into  the  pump  to  produce  the  degree  of  vacuum  required. 

\Yhen  the  need  is  greater,  the  supply  of  steam  is  automatically  increased. 

The  Webster  Vacuum- 
pump  Governor  can  be  ad- 
justed to  control  the  vacuum 
to  any  predetermined  degree, 
and  may  be  readjusted  when 
necessEury.  It  is  remarkably 
sensitive  through  a  wide  range 
of  adjustment. 


Fig.  24-40 


Fig.  21-41 


Fig.  24-42 


Table  24-11.     Dimensions  of  Webster  Vacuum-pump  Governors 
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Wi 

5 

9% 

SVs 

1034 

12 

2A 

2% 

26A 

2}^ 

^% 

IH 

5 

9y& 

lOM 

1014 

13K 

3H 

2% 

28}^ 

3 

-Vb 

Wi 

o 

9% 

11 H 

10]4 

UH 

SVs 

2% 

29y2 

3^2 

8 

m 

o 

9% 

WA 

1014 

UH 

4 

2% 

30 

The  Webster  Suction  Strainer  and  Vapor  Economizer 

This  special  device,  in  addition  to  its  function  of  protecting  the  vacuum 
pump,  has  a  particular  advantage  in  vacuum  heating  systems  where  some 
unusual  operating  condition  results  in  the  return  of  water  to  the  vacuum 
pump  at  a  high  temperature. 

Under  such  conditions,  re-evaporation  or  transformation  of  water  into 
steam  vapor  may  occur,  and  the  presence  of  this  steam  vapor  adds  to  the 
duty  of  and  may  interfere  with  the  proper  operation  of  the  pump. 

If  cold  water  is  constantly  required  for  making  up  the  boiler-feed  water 
it  can  be  introduced  in  the  standard  Webster  Suction  Strainer,  bv  the  use 


of  the  Webster  spray-head,  without  increasing  the  cost  of  plant  operation. 
Tlie  special  Webster  Suction  Strainer  and  Vapor  Economizer  is  designed 
to  meet  conditions  wliere  coohng  water  is 
required,  but  where  the  use  of  it  as  make- 
up water  would  entail  waste. 

The  cold  water  is  passed  around  a 
nest  of  copper  coils  and  absorbs  the  heat 
of  the  steam  vapor  in  the  main  return. 

This  water  is  not  handled  l)y  the 
vacuum  j)ump  and  does  not  mix  with  the 
condensation  in  the  main  return  line,  as 
the  economizer  becomes  merely  an  ex- 
tension of  the  hot-water  piping  system, 
under  the  available  pressure. 


Fig.  24-13 


Fig.  21-H.     Tlie  Webster  Suction  Strainer 
ami  Vapor  Economizer 


Table  24-12.     Dimensions  of  the  Webster  Suction  Strainer  and  Vapor 
Economizer 

All  dimensions  in  inches  and  subject  to  sb'ght  variation 
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X-2H 

3H 

691/S, 

Vi 

7 

28M 

7k 

•ilH 

14^2 

24^ 

12^2 

r'A 

19 

lOSj, 

8-?4 

xZ 

4^8 

78 

% 

Fig.  2H5. 
\\  ebster  Lift  Fitting 


Webster  Lift  Fittings — Series  20 

Webster  Lift  Fittings  are  special  devices  used  in 
pairs  at  points  in  vacuum  heating  systems  wliere  con- 
densation is  to  be  lifted  to  a  higher  level.  The  con- 
densation is  lifted  vertically  to  a  higher  level  in 
"slugs"  on  the  air-lift  principle;  the  slugs  being  ob- 
tained by  the  use  of  a  comparatively  small  diameter 
vertical  return  with  its  lower  end  submerged  in  the 
well  below  the  level  of  the  horizontal  return  which  it 
drains.  The  lower  lift  fitting  allows  the  condensa- 
tion to  accumulate  in  the  well  below  the  inlet  connec- 
tion until  it  seals  the  vertical  passage,  thus  causing 
a  shght  reduction  of  the  vacuum  on  the  inlet  side  and 
forcing  the  water  from  the  well  through  the  vertical  lift  pipe  to  the  higher 
level.  The  upper  lift  litting  allows  the  condensation  to  flow  into  the 
horizontal  return  without  falling  back  into  the  lifting  line. 

Lifts  of  six  feet  or  over  should  he  made  in  steps  rather  than  all  in  one 
rise.  Steps  should  be  used  instead  of  ""drag"  lifts  through  long  upwardly 
inclined  pipes.    In  any  case,  the  pipes  between  lifts  must  grade  toward  pump. 

Webster  Lift  Fittings  are  a  big  improvement  upon  and  should  be  sub- 
stituted for  the  home-made  fittings  which  in  the  past  have  had  to  be  made 
from  combinations  of  ordinary  tees  or  crosses  and  plugs,  because  nothing 
better  was  obtainable.  Each  Webster  Lift  Fitting  is  a  unit  casting,  neat  in 
appearance  and  correctly  proportioned  for  capacity  of  well  and  for  the  area 
ratio  of  inlet  to  outlet.  The  use  of  these  fittings  eliminates  all  the  guess- 
work and  uncertainty  about  proper  operation.  They  cost  less  than  combi- 
nations of  fittings  when  the  labor  cost 
as  well  as  that  of  the  fittings  is  con- 
sidered. 

Each  fitting  is  provided  with  a 
clean-out  plug  for  removing  any  accu- 


Fig.  ■2i-it). 

Typical  application  of  Webster  Lift  Fittings 

(See  also  Fig.  13-1,  page  139) 


mulation  of  dirt  or  otlier  foreign  nialtcr  from  the  lift  pocket.     The  larger 
sizes  are  flanged  and  finished  and  drilled  to  the  low-pressure  standard. 


■> E Tb. 

1"           E          ^'.^^ 

Fig.  21- 19  Close  screwed  Close  llanoed 

„,,         „,,„  T-w  •  e     a       •  nn  lilt  connection  lift  conneclion 

Table    24-13.      Dimensions    of    Series  20  Pi^  oi_5o 

Webster  Lift  Fittings  in  inches  -pable  24-14.     Minimum  Distance  Between 

Inlet  ouuet  Centers 
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Webster  Receiving  Tanks— Plain,  Water-control 
and  Steam-control  Types 

These  tanks  are  used  in  connection  with  vacuum  steam  heating  SYSt(?ins, 
to  provide  a  place  for  storage  of  the  condensation  discharged  by  the  vacuum 
pump  and  for  liberation  of  the  air  that  comes  over  with  this  condensation. 
Each  type  is  designed  for  pressures  not  exceeding  30  lb.  per  sq.  in.,  for 
installation  in  horizontal  position,  and  each  type  has  proper  receiving 
cajiacity  and  air-liberating  surface. 

The  Plain  Type  receives  the  condensation  and  air  tlirough  an  end 
opening  near  the  top.  The  air  escapes  through  a  vent  in  the  top  of  the  tank, 
and  the  water  flows  by  gravity  to  the  bottom  outlet  and  to  the  feed-water 
heater  or  other  point  of  disposal.  If  the  rate  of  flow  of  returns  to  tank  ex- 
ceeds rate  of  discharge  from  tank,  the  excess  overflows  through  an  opening 
on  the  end  near  the  top. 

The  Water-control  and  Steam-control  Types  have  regulating  valves 
which  are  operated  by  sink  pan  and  rigging  similar  to  those  used  to  regulate 
the  water  level  in  Webster  Feed-water  Heaters.  These  two  types  are  also 
provided  with  water-troughs,  to  insure  best  operation  of  the  sink  pan. 

The  Water-control  Type  has  its  regulating  valve  arranged  to  autoniati- 
caUy  admit ' "  make  up ' '  at  all  times  when  the  returns  from  the  heating  system 
are  temporarily  insufficient  to  keep  the  water  level  in  the  tank  at  the  j)re- 


Fig.  24-52.  Webster  Air-separating 

Tank  and  Receiver,  Steam-control 

Type 


Fig.  24-51.     Webster  Air -separating 

Tank  and  Receiver,  Water-control 

Type 


determined  point.  The  air  is  vented  to  atmosphere,  the  Avater  flows  by 
gravity  to  the  heater  or  other  place  of  disposal,  and  any  excess  of  water 
overflows,  as  with  the  Plain  Type. 

The  Steam-control  Type,  which  is  used  where  the  boiler  or  boilers  are 
to  be  fed  in  proportion  to  the  returns  reaching  the  receiving  tank,  has  its 
regulating  valve  installed  in  the  steam  supply  line  to  the  boiler-feed  pump. 
With  water  in  the  tank  at  or  above  the  predetermined  level,  the  boiler-feed 
pump  is  in  operation,  feeding  the  returns  into  the  boiler,  but  when  the  tank 
level  is  below  normal,  the  steam  to  the  boiler-feed  pump  is  shut  ofl"  and  the 
pump  stopped  until  sufficient  returns  collect  again.  Make-up  water,  if 
necessary-,  may  be  introduced  into  the  tank  by  hand.  The  venting  of  air 
to  atmosphere,  deliverA'  of  water  by  gravity  flow  and  provision  for  overflow 
of  excess  water  are  the  same  as  in  the  Plain  Type. 

All  three  types  of  Webster  Receiving  Tanks  are  made  from  riveted 
flange  steel  and  have  flat  heads.  The  Water-control  and  Steam-control 
Types  have  removable  manhole  covers  and  gauge  fittings  in  one  end.  Each 
tank  is  hand-made  throughout  from  best  obtainable  materials.  The  sizes 
listed  are  standard.     Larger  sizes  can  l)e  made  upon  special  order. 


Plain 
Type 


Table  24-15.     Dimensions  of  Webster  Receiving  Tanks 
Note:  Openings  will  be  bushed  to  suit  reciuirciuonts.     All  dimensions  in  inches 


Fig.  21-53 
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Fig.  2 1-54 


•< E                     >t 
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Fig.  2 1-55 


U E H 

Size 
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OuUet 

Air  vent   Overflow  Gov.  valve        A 

B 
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D 

E 

F 

■     G 
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For  ratings  see  Table  13-1,  page  138 
•206 


The  Webster  Water  Accumulator 


Fig.  21-56.     The  Webster  Water  Ace  iiiiiiil;itor 

This  is  a  cast-iron  fitting  of  oval  cross  section,  designed  to  accumulate 
condensation  for  the  protection   of  the  diaphragms  of  pressure-reducing 

WEBSTER 
By-pass  wil.h  Globe  or  Angle  Valve  jyj|£[,  aCCUMUUTOR  X  Tee  for  Gauge  Coaneclion 


Straioht  Patletn  Pressui 
Reducing  Valve 


valves  and  similar  appa- 
ratus against  the  heat  of 
steam  which  would  de- 
teriorate the  diaphragms 
if  brought  into  direct  con- 
tact. This  appUcation  is 
shown  in  Figure  24-57. 


Bushed  to  meet  requiretnenis 


The  Webster  Water  Accumulator  may  also  be  used  to  provide  protec- 
tion for  low-pressure  steam  gauges. 


Fig.  21-59.     Webster  Combination  Gauges 

Gauges  for  \\  ebster  Systems 
Webster  Gauges  are  of  high  quality  and  are  furnished  in  various  stand- 
ard forms,  and  to  suit  special  specifications.  The  usual  outfit  furnished 
with  Webster  Vacuum  Systems  is  a  set  of  two  5i  2-in.  face,  nickel-plated 
combination  pressure  and  vacuum  gauges,  mounted  on  Monson,  JVIe.,  slate 
board  with  Webster  System  name  plate. 
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Single  conil)ination  gauges 
can  be  furnished,  either  for 
Vacuum  or  Modulation  Systems, 
in  53^-in.  size. 

Single  gauges  are  also  fur- 
nished with  Webster  Hylo  Vacu- 
um Sets,  as  elsewhere  described. 

Larger  gauges,  slate  or  mar- 
ble boards  for  tliree  or  four 
gauges,  or  gauges  having  special 
graduations  or  marking  can  also 
be  furnished  when  required. 

The  Webster  Modulation 

Vent  Trap 

This  device  is  installed  in 
the  low  point  of  the  dry-return 
line  of  the  Webster  Modulation 
System  before  the  returns  flow 
to  the  boiler  or  boilers  as  feed  pj^ 


/Connect  to  Low-pressure  Healino  Main  not  lessthan  15  0 
distant  Irom  Pressure-reuuialina  Valve 
J;  3,4 


1/2  Globe  Valve 

1/2  / 

From  WEBSTER 
VACUUM  GOVEHNOR 


!  l-hO.    Connections  for  gauges,  Webster  Vacuum  System 


WEBSTER  MODUUTION  VENT  VALVES 


This  Distance  must  not 
be  less  than  30"and  as 
much  more  as  possible 
depending  on  Local 
Conditions 


This  Connection 

must  be  on  same 

Centre  as  Wet  Retu 


Special  Swing 
Check  Valve 


Fig.  21  61. 


Typical  installation  of  the  Webster  Modulation  Vent  Trap 
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Fig.  i!l-62.     The  Webster  Modulation  Vent  Trap 

water.  It  affords  a  simple,  dependalile  method  of  venting  the  entrained  air 
to  atmosphere  and  of  automatically  insuring  the  return  of  the  water  to  tlie 
boiler  under  fluctuating  boiler  pressures.  The  air  A'ent  is  controlled  by  an 
internal  float  mechanism.  The  valve  piece  is  conical  and  closes  against  a 
sharp-edged  seat. 


Overhead  Return  from 
Heating  System 


WEBSTER  MODUUTION  VENT  VALVE 


Install  Trap  so  that  Interior  can 
be  removed  from  Bottui:i 


This  Distance  must  not  be  less 
than  30'- and  as  much  more  as 
possible  depending  on  Local 
Conditions 


Fig.  21-63.     Typical  installation  of  Webster  Modulation  Vent  Trap  Xo.  0020 
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Other  means  for  returning  water  to  the  boiler  are  provided  for 
unusual  structural  features  of  the  building  or  conditions  of  use,  but  for 
the  average  building  to  which  the  Webster  Modulation  System  is  adaptable 
the  Webster  Modulation  Vent  Trap  is  used. 

In  the  illustrations,  Figures  21-61  and  24-63,  Webster  Modulation 
Vent  Valves  are  shown  in  position  at  the  air  outlets  of  the  \  eut  Traps. 
These  valves  are  always  requirtnl  where  it  is  desired  to  circulate  steam 
below  atmospheric  pressure  at  intervals.  Where  large  hot-water  genera- 
tors are  used,  or  where  a  part  or  all  of  the  radiators  are  under  automatic 
control,  the  vent  valves  should  be  omitted  unless  vacuum  breakers  are 
provided  on  the  return  lines  at  the  j)roper  places. 

The  tvpe  of  Modulation  \  ent  Trap  shown  in  Figures  24-61,  24-62  and 
24-64  is  that  w  Inch  is  used  for  the  larger  systems.  For  installations  such  as 
small  residences,  the  size  0020  Trap  as  shown  in  Figures  24-63  and  24-65 
is  most  often  used.     Capacity  ratings  are  given  on  page  240. 


NolevGauge  Glass  furnished 
•  L>  on  order  only 

""■^A'-Size  to  Boiler 

Fig.  24-64.     Dimensions  of  Webster  ModulHtion 

Vent  Trap,  Series  20 

(See  Table  24-16) 


Fig.  24-65.     Dimensions  of  Webster 

Modulation  Vent  Trap 

Number  0020 


Table  24-16.    Dimensions  of  Webster  Modulation  Vent  Traps,  Series  20,  Fig.  24-64 
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The  Webster  Modulation  Vent  Valve 
This  valve  has  been  specially  devised  to  meet  the 
requirement  for  check  against  inflow  of  air  to  a  modula- 
tion system  when  it  is  desired  to  operate  at  a  pressure 
less  than  atmospheric.  This  check  is  provided  by  the 
seating  of  a  hollow  seamless  ball  which  is  retained  by  a 
cage  structure  as  shown  in  Figure  24-66. 

Due  to  the  ver\^  shght  weight  of  the  ball  and  the 
construction  of  the  valve  body  and  seat,  a  pressure  less 
than  one  ounce  per  square  inch  w  ill  serve  to  Lift  the  valve 
from  its  seat,  thus  permitting  the  escape  of  air  from  the 
Vent  Trap. 
Modulation  Vent  Valve   is  made   in   onlv  the  ^  •>-in.  size  w  Inch 


may  be  used  as  a  single  unit  for  installations  up  to  8500  sq.  ft.  of  direct 
radiation  or  equivalent.  For  larger  installations  these  valves  are  furnished  in 
multiple  units  of  the  necessary  number  with  a  fitting  such  as  that  shown 
in  Figure  24-67.     See  Table  23-9,  page  2 10. 


For  use  where  two  vent  valves 
are  required 

Fig.  24-67.  Multiple-unit  Webster  Modulation    V'ent  Valves 

The  Webster  Damper 
Regulator 

The  Webster  Damper  Regulator 
is  used  with  the  Webster  Modulation 
System  and  automatically  controls  the 
opening  of  the  draft  door  and  check 
damper  of  the  low-pressure  steam - 
heating  boiler.      It  is  extremelv  sensi- 


Note;-To  support  Damper  ReQulato 
use  A-'/J'Roils  with  Pipe 
Separator  and  malte  lengtl 
to  suit  worlt.  remove 
any  4  Bolls  to  suit 


Fift.  24-69. 
Fig.  2 1-68.     The  Webster  Damper  Regulator  Dimensions  of  the  Webster  Damper  Regulator 

tive  and  accurate  because  of  the  ample  diaphragm  area  and  controls  the  fire 
to  maintain  the  steam  pressure  always  within  a  few  ounces  of  that  for  which 
the  regulator  is  set. 

Table  24-17.     Power  Developed  by  Webster  Damper  Regulator 
The  foUowing  figures,  based  upon  tests  with  lever  in  mid-position,  afford  a  comparison  with  other 
damper  regulators  having  much  smaller  diaphragms 


Pressure  in  lb.  per  sq.  in 0..5 

Average  pull  at  end  of  lever,  lb 4.125 


2.0 
16.5 


3.0 
24.75 


4.0 
33.0 


5.0 
41.25 


Webster  Hylo  Vacuum-control  Sets 

Each  Webster  Ilylo  Set  consists  of  a  Webster  Ilylo  Vacuum  Con- 
troller, handling  vapor  and  air  only,  a  Webster  Hylo  Trap,  handling  water 
of  condensation  only,  Webster  Hylo  Vacuum  Gauges,  and  when  needed, 
Webster  Lift  Fittings. 

The  Webster  Hylo  Vacuum  Controller  regulates  the  vacuum  from  the 
low  to  the  high  vacuum  through  the  action  of  the  diaphragm  and  pilot 
valve.  The  vacuum  differential,  as  fixed  by  the  position  of  the  weights  on 
the  diaphragm  lever,  may  be  adjusted  to  maintain  the  desired  vacuum. 

The  Webster  Hylo  Trap  permits  condensation  to  flow  from  low  to 
high  vacuum  without  loss  of  differential.  This  trap  is  of  ball-float  type,  with 
outlet  water  sealed. 

The  Webster  Vacuum  Gauges  indicate  the  vacuum  conditions  upon 
both  sides  of  the  controller.  Special  arrangements  of  gauges  and  boards 
are  furnished  for  varying  requirements. 

Webster  Lift  Fittings  are  required  where  returns  must  be  lifted  such 
as  the  case  shown  in  Figure  15-7,  page  177. 


Fig.  24-70 


Table  24-18.    Dimensions  of  Webster 
Hylo  Controller 

All  dimensions  in  inches  and  subject  to 
slight  variation 


Table  24-19.     Dimensions  of  Webster 

Hylo  Traps  for  15-lb.  Working 

Pressure 

All  dimensions  in  inches  and  subject  to  slight 
variation 


;Size  A 

B 

c 

D 

F 

G 

H 

V 

I 

sv. 

1234 

1114 

1¥ 

2H 

1034 

94 

yy?. 

4i4 

12^4 

114 

1^/1 

■2'/, 

10^4 

10 

2 

5 

12^ 

UM 

2 

i 

WH 

103/2 

Number 

A 

A< 

B 

C 

D    i    E    1   F 

G 

H 

U 

V 

W 

016 

34 

H 

1534 

1 

8 

15     4^ 

3^ 

2% 

81/s 

6K 

K 

116 

1'4 

IH 

191/s 

13/, 

9 

18?^  53/8 

•i'A 

4i/R 

1034 

7 

1 

216 

20^8 

1^8 

lOJ^  19>i  6'^ 

4K 

4^'8 

l^M 

8 

l^ 

The  ratings  are  the  same  as  for  Webster  Heavy- 
duty  Traps,  as  given  in  Table  23-80,  page  239 


The  Webster  Sylphon  Conserving  Valve 


Fig.  24-72.   The  Webster 

Sylphon  C.onserWng 

Valve 


This  valve  is  one  of  the  special  devices  used  in  eonnecUun  with  the 
Webster  Conserving  System  where  steam  is  furnished  direct  from  low-pres- 
sure heating  boilers  which  are  required  to  supply  steam  for  other  purposes 
than  warming  the  Ijuilding.  at  a  constant  pressure  above  that  required  for 
the  heating  system  alone.  It  also  insures  the  constant  operation  of  the 
low-pressure  steam-driven  vacuum  pump. 

It  is  placed  in  the  main  steam  line  from  boiler,  the  steam  connection  to 
vacuum  pump  being  taken  from  the  inlet  side  of  the  conserving  valve.  The 
pressure  for  which  the  conserving  a  alve  is  set  must  be  built  up  on  the  inlet 
side,  before  the  conserving  valve  will  open  and  allow  steam  to  enter  the  low- 
pressure  heating  main. 

In  consequence,  the  vacuum  pump  will  automatically  start  into  opera- 
tion before  steam  is  admitted  into  the  low-pressure  heating  main.  The 
partial  vacuum  created  in  the  return 
mains  and  radiators  assiu"es  quick  circula- 
tion as  soon  as  the  conserving  valve 
automatically  opens  and  permits  the 
steam  to  flow  into  the  main. 

When  steam  supply  is  cut  off  from 
the  heating  system  the  jiump  will  continue 
to  operate  until  the  condensation  is  thor- 
oughly drained,  assuring  the  return  of  all 
of  the  condensation  to  the  boiler.  \\  ith 
the  types  of  boiler  used  with  heating 
systems  of  this  design,  this  is  a  very 
important  matter.     See  pages  173  to  176. 

Table  24-20.    Dimensions  of  Webster  Sylphon  Conserving  Valves        Fig.  2 1-73 
All  dimensions  in  inches  and  subject  to  slight  variation 


4 

12 

20 

0 

9J^ 

Wi 

IVi 

8-^ 

2k 

17J4 

.3 

12 

20 

10 

'iVs 

5k 

sVi 

8-k 

2k 

18k 

6 

13 

31k 

11 

10k 

6A 

9H 

8-k 

2  k 

nvs 

8 

13  k' 

3134 

13J2 

Ilk 

7A 

11 M 

8-k 

2k 

24k 

10 

1.5 

36 1% 

16 

121/4 

8J^ 

14  k 

12— Vs 

3A 

28^ 

The  Webster  Low-[)ressure  Boiler  Fec^der — Series  16 

In  coniKMlion  with  licutin^'  boilers  IVd  from  hydro-pncimialic  tanks,  and 
under  certain  oilier  conditions,  a  Webster  Boiler  h'eeder  is  useful.  This 
dev  ice  is  sho^n  on  Page  1 17,  as  part  of  a  Webster  llydro-pneunia  lie  System. 

WATER  INLET 


PASS 


FEEDUNEl|TOBOILER> 

i&i  i7iNr,  M 


EQUALIZING 
PIPE 


Fig.  24-75.  Conventional 
nrriinKement  of  Webster 
lx>w  -pressure  Boiler  Feeder 


SUPPORT FDR  FEEDER 


Fig.  21-TI.     Wfhslir  L(iw-|in-ssiirf  toiler  Feeder 

When  the  water  leA  el  in  the  l)oiler 
lowers,  the  ball  float  opens  the  feed 
valve  and  allows  the  water  to  discharge 
directly  to  boiler. 

The  valve  is  of  the  double-balanced 
type  witli  larg(^  oriiice  area,  because  of 

the  low  dilferential  between  the  tank 

|)ressun>  and  tiie  boiler  |)ressure.    The 

ball  float   is  large  enougli  to  give  the  power  required  to  move  the  valve 

lever  without  excessive  difference  of 

water  level. 

An  important  |)oint  in  the  con- 
struction of  the  l)oiler  feeder  is  that 
the  valve  and  gear  are  within  the  cas- 
ing. There  are  no  outside  glands  to 
keep  tight  and  any  leakage  which  oc- 
curs is  within  the  body  of  the  device 
and  hence  into  the  boiler. 

The  working  parts  are  easily  ac- 
cessible, but  seldom  need  attention.  Fig.  21-76 

Table  24-21.    Dimensions  of  Series  16  Wel)ster  Low-pressure  Boiler  Feeder 

Dimensions  in  inches  antl  subject  to  slight  variation 


Number      A 

A' 

Bi 

B< 

c 

E 

F 

G 

G' 

H 

N 

U 

f      Vi 

y  i'4 

1 
1 
1 
1 

121.; 

1212 

12  J^ 

9 

234 

253/i 
25^ 
25^ 
25  J^ 

14>^ 

634 

6M 
634 
634 

134 
13^ 

IV2 

13^ 
IM 
IJi 

234 

115-^ 

11^^ 
115^ 

11?  8 

10 
10 
10 
10 

15?^ 
15^ 

155'g 
15Ji 

2t.{     ^'^ 

2 

15 
15 

2'^ 
2M 

31 J^ 
313i 

16H 

163^ 

734 

234 
234 

25'^ 
2H 

13fg 
13Js 

12 
12 

193^ 

mi 

316{     fi 

2.^ 
2H 

19 
19 

314 

314 

36Ji 
363^ 

18}^ 

8 
8 

3 
3 

3 

15 

15 

12 
12 

21 
21 

The  Webster  Hig:h-pressure  Sylphon  Trap 


P'ig.  ill-7T.     The  Webster  Hifili-pressure  Sylphon  Trap 

This  trap  is  in  many  respects  like  the  standard  Webster  Sylphon  Trap 
described  on  Page  212.  The  body  constrnction  is  the  same  excej)t  tliat  the 
position  of  inlet  and  outlet  opening  and  the  union  connection  of  the  inlet 
are  reversed. 

As  the  trap  must  operate  at  comparatively  high  steam  jiressure  with 
resulting  high  temi)erature.  the  thermostatic  memlier  or  bellows  is  located 
outboard  of  the  valve.  The  sylphon  bellows,  surrounded  in  this  position 
with  the  cooler  vapor  from  the  discharged  condensate  at  atmospheric  pres- 
sure, is  extremely  sensitive  to  the  much  higher  temperature  of  the  steam, 
and  consecjuently  acts  c[uickly  and  positively  to  close  the  valve  against  steam 
passage  through  the  tra[). 

It  is  particularly  imj)ortant  when  arranging  j)ipe  connections  that  the 
manufacturers  directions  shall  lie  specilicalh  followed. 

In  consequence  also  of  the  higher  pressure,  the  valve  piece  and  the  seat 
are  constructed  of  monel  metal,  which  successfully  resists  w ire-drawing  and 
its  accompanying  w  ear. 

The  Webster  High-pressure  Sylphon  Trap  is  made  in  three  sizes  and 
for  two  pressure  ranges — Class  2  for  pressure  from  15  to  50  lb.  per  scj.  in., 
and  Class  3  for  pressures  to  100  lb.  per  sq.  in. 

Application  diagrams  for  this  device  are  show  n  in  Chapters  18  and  20. 

Table  24-22.    Dimensions  of  Webster  High- 
pressure  Sylphon  Traps 


SIZE 

A 

B 

c 

D 

J  ^"-822 

U  —833 

1  —841 

3H" 

2? '2 

3J4" 
3?i 

2M" 

3T^ 

432 

.  24-79.     Webster  Hydro- 
pneumatic  Tank,  with 
Double  Control 


Webster  Hyfho-imeiimatic  Tanks 

Single  ami  Double-control  Types 

Wehslor  llydro-pnoimialic  Tanks  aro  used  in 

place  of  open-vent  lanks  for  receixin^^  relmn.s  in 

sleatn  liealin.ii  syslenis  «liere  suUicient  head  room 

(o  [trodnce  (he  necessary  sialic  head  is  not  available 

i'or  the  installation  of  a  plain 

receivinfi;  tank. 

The  fjeneral  design  is 
the  same  as  that  of  Webster 
Steam-control  and  Webster 
Water  -  control  Receiving 
1"anks,  except  that  in  the 
Single-control  Hydro-pneu- 
matic Tanks  the  sink  pan 
and  rigging  control  the  es- 
cape of  air  through  the  vent 
pipe,  and  in  the  Double- 
control  tyj)e  this  feature  is 
supj)lemented  l)y  an  addi- 
titjual  sink  pan  rigged  to 
control   a   water   valve   in   the   discharge   pilling. 

In  both  Single  and  Double-control  types  the  air  is  permitted  to  escape 
freely  until  the  tank  is  half  filled  with  condensation,  when  the  vent  closes 
and  the  remaining  air  is  coniined.  The  air  vent  is  open  whenever  the  con- 
densation flows  by  gravity  against  the  resistance  in  the  outlet  connection. 
When  the  necessary  head  is  greater  than  that  due  to  the  tank  being  half 
full  of  condensation,  the  air  vent  is  closed.  Further  accumidation  of  air 
and  water  creates  additional  pressure  until  this,  added  to  the  gravity  head, 
overcomes  the  resistance  and  condensation  flows  through  the  outlet  until  the 
water  line  reaches  the  middle  of  tank.  Then  the  air  vent  opens  to  permit 
escape  of  air.  When  the  tank  has  no  gravity  head  to  heater  or  boiler  the  neces- 
sary head  to  overcome  resistance  in  the  outlet  is  by  confined  pressure  only. 
The  Doidile-control  Hydro-pneumatic  Tank,  in  addition,  has  its  water- 
control  valve  arranged  to  close  just  before  the  water  level  reaches  the  bottom 
of  the  tank.  The  Doidjle-control  type  serves  to  prev  ent  admission  of  air  into 
the  system,  through  discharge  from  the  tank,  when  tlie  pressure  in  the  open 
feed-water  heater  or  Ijoiler  may  be  less  than  that  of  the  atmospliere. 

Both  Single  and  Double-control  Tanks  are  used  under  pressure  greater 
than  the  atmosphere  and  in  most  instances  must  be  provided  with  means  for 
preventing  excessive  pressiu'e  due  to  obstruction  of  overflow.  For  this  pur- 
pose a  water-relief  valve  is  ])rovided,  which  should  be  piped  to  an  open  funnel 
to  facilitate  observation  and  correction  of  unnecessary  waste. 

Both  Single  and  Double-control  types  of  tanks  are  made  of  riveted 
flange  steel  plate,  have  flat  heads  and  are  for  installation  in  horizontal 
position.  A  water-trough  running  along  the  top  distributes  the  water  and 
assures  that  sink  pans  are  kept  filled  with  water. 
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Manholes  and  covers  and  gauge  glass  fittings  are  regular  equipment 
with  both  types  of  tanks.    Sizes  listed  are  standard.    Others  made  to  order. 

Table  2-1-23.     Dimensions  of  Webster  Hydro-pneumatic  Tanks 
Openings  will  be  bushed  to  suit  requirements.     All  dimensions  in  inches 

Single-control    Type 


Size 

Inlet 

Outlet 

Vent  valve 

Overflow 

A 

B 

C 

D 

E 

F 

G 

18  X  48 

4 

4 

H 

4 

29M 

301,4 

l(t 

12 

24  li 

14 

18    • 

24  X  72 

o 

5 

\% 

5 

m-i 

424 

13 

18 

36 1 4 

18 

22?.i 

36  X  96 

(2)8 

8 

1'2 

6 

38 

545, 

18 

18 

483  s 

24 

28)4 

Double-control  Type 


'S^  Aulomalic  Outlet 

Fig.  24-81  10  Boilec  or  Healer 


Siz 

e 

Inlet 

Outlet 

Vent  valve 

Overflow     A 

B 

c 

D 

E 

F 

G 

H 

J 

18  X 

48 

4 

4 

'i 

4 

29^4 

301^ 

10 

12 

24 

;i 

14 

18 

20 

1914 

24  X 

72 

3 

5 

l^i 

0 

■i^H 

421^ 

13 

18 

36 

18 

2234' 

22 

2534 

36  X 

96 

(2)8 

8 

D-i 

6 

58 

SiH 

18 

18 

48^ 

24 

28J4 

313s 

35 

For  ratings,  see  Table  13-1,  page  138. 
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W<'l)slor  Rxpaiisioii  Joints 

Webster  Expansion  Joiiils  are  conslriicled  with  cast-iron  bodies  and 
brass-slip  sleeves  and  in  hotli  sinjjie  and  (l()ul)le-sli|)  types. 

The  body  of  the  Webster  Expansion  Joint  is  provided  with  anchors 
made  intej^ral  with  the  body  castings  lor  rigid  connection  to  a  foundation  or  a 
Itracket.  Service  connections  are  ])ro\ided  for  greatest  convenience  in 
tapping  the  steam  main  for  branch  piping.     Drip  outlets  also  are  provided. 


Fig.  2 1-82.     Class  D  (at  left) 
Webster  FIxpaiision  Joint 


Fig.  24-8.5.     Class  GH  (at  right) 
Webster  Expansion  Joint 


Fig.  21-86 


Table  24-24.     Class  D  Webster  Expansion  Joints  for  Low-Pressure  Steam 

Dimensions  (in  inches) 


Size 

B 

B> 

c 

D 

D' 

E 

F 

F' 

G 

J= 

J^ 

K' 

M 

11., 

634 

m 

n% 

3 

3 

5 

21s 

•>ii 

2/8 

134- 

1^4 

2-   ^4 

1 

2 

6 

•m 

13M 

3 

3 

6 

2}^ 

3 

2^ 

i-% 

m 

2-  34 

1'4 

■•>!<, 

65/g 

4/s 

14^ 

3 

3 

7 

3ii 

3H 

334 

\.% 

1^4 

2-  M 

2 

3 

6^ 

4/8 

141^ 

3 

3 

7/' 

2'-^ 

3^ 

2J^ 

\M 

l^i 

2-  ?i 

2 

31; 

7^ 

41^ 

16 

4 

4 

8H 

314 

3M 

3}^ 

0 

0 

4-  Vi 

9 

4 

7}^ 

4/^ 

16 

5 

5 

9     ■ 

4 

414 

4 

2/ 

2/^ 

4-  J^ 

2/5. 

0 

83/8 

4*/s 

171^ 

5 

.1 

10 

4M 

5)4 

4H 

2^ 

2/^ 

4-  K 

2/2 

6 

8M 

4/8 

17M 

6 

6 

11 

5 

5^8 

5 

3 

3 

4-  V% 

2/2 

7 

121^ 

7 

20'/g 

6 

6 

12^ 

6=g 

6y2 

5>i 

3 

3 

■t-  >^ 

3 

8 

13J4 

7/. 

21  Ji 

6 

8 

13H 

734 

-H 

6 

0 

3 

4-  Vi 

33i 

1(» 

141^ 

m 

23^ 

6 

8 

16 

8^8 

8'i 

7 

.3 

3 

4-1 

4 

12 

15  Ji 

m 

25  J^ 

i 

8 

14 

93| 

95, 

81, 

D 

3/2 

4-1 

5 

U 

17^ 

9H 

28/8 

K 

8 

21 

10?4 

10-^8 

SU 

5 

4 

4-1 J  8 

6 

16 

i-H 

9V, 

283^ 

« 

8 

23H 

12 

1178 

10 

.5 

4 

^\v% 

6 

18 

18 

9'H 

28M 

8 

12 

25 

13M 

131^ 

11 

9 

4 

4-11^ 

6 

20 

18 

9M 

305^ 

8 

12 

27/ 

14;i 

141^ 

12 

9 

4 

4-1 M 

6 

Maximum  >yorking  pressure,  15  lb.  per  sq.  in. 

This  joint  has  single  slip  and  maximum  traverse  of  5  in.  and  is  made 
with  a  close-orained  cast-iron  body  and  brass  tubing  or  cast-brass  sleeve. 

Standard  equijjment  includes  service  and  drip  connections,  anchor  plates 
and  gland  packing. 

Companion  flanges  are  furnished  only  when  specially  ordered. 

Flanges  are  drilled  low-pressure  standard  unless  specially  ordered 
otherwise. 


Fig.  21-87 


Table  24-25.    Class  DH  Webster  Expansion  Joints  for  High-Pressure  Steam 

Dimensions  (in  inches) 


\y?. 

6?4 

-l^fi 

133  s 

3 

3 

.T 

8h 

01  ^ 

1^.. 

H4 

2-  h 

1 

2 

6 

3^« 

1314 

3 

3 

6 

S% 

2J^ 

3 

IH 

1^4 

2-  Ji 

IH 

I'H 

f>H 

4H 

14^^ 

3 

3 

7 

10,1'^ 

3J4 

3'/, 

Wa 

1^4 

2-?^ 

2 

3 

6H 

4^ 

14J4 

3 

3 

71,$ 

11 

2-'4 

31/, 

m 

m 

2-  H 

2 

3H 

iVi 

41/, 

16 

4 

4 

8 14 

13 

W2 

3M 

2 

2 

4-  J^ 

2 

4 

7M 

4i/« 

16 

5 

5 

9 

12 

4 

4M 

21^ 

21^ 

4-  J^ 

2V9. 

5 

W% 

m 

17>,g 

5 

5 

10 

11 '4 

4^ 

51^ 

2'/, 

2 14 

4-  ^ 

m. 

6 

m 

i'A 

nj^i 

6 

6 

11 

15M 

0 

^Vs 

3 

3 

4-  K 

2^ 

7 

12J^ 

7 

20>-8 

6 

6 

123^ 

1714 

6'^ 

6^ 

3 

3 

4-  % 

3 

8 

13K 

7H 

221/8 

6 

8 

13H 

18H 

714 

7J4 

5 

3 

4r-    % 

31^ 

10 

141^ 

7»4 

23)^ 

6 

8 

16 

2Pi 

8=^ 

8,4 

5 

3 

4-1 

4 

12 

15>^ 

m 

25^8 

' 

8 

19 

243^' 

9^4 

9^5 

5 

■i'A 

4-1 

5 

Maximum  working  pressure,  125  IJ).  per  sq.  in. 

This  joint  has  single  slip  and  maximum  tra^  erse  of  5  in.  and  is  made 
with  a  close-grained  cast-iron  body  and  brass  tubing  or  cast-brass  sleeve. 

Standard  equipment  inchides  service  and  drip  connections,  anchor 
plates,  limit  bolts  and  gland  packing. 

Companion  flanges  are  furnished  only  when  specially  ordered. 

Flanges  are  drilled  low-pressure  standard  unless  specially  ordered 
otherwise. 


K'-NO.    AND    SIZE   OF   CORES        M  =  SI2E   OF  SERVICE 
CONNECTION--^ 


Table  24-26.     Class  G  Webster  Expansion  Joints  for  Low-Pressure  Steam 
Dimensions  (in  inches) 


Size 

B 

C 

D 

D' 

E 

F 

F' 

;-• 

J^ 

K' 

M 

11-, 

HA 

225  8 

3 

3 

5 

2)4 

OIA 

1^4 

Ik 

2-  k 

1 

2 

11^ 

221^ 

3 

3 

6 

2M 

3 

Ik 

Ik 

2-  k 

1'4 

'^y?. 

115^ 

23}.i 

3 

3 

7 

3K 

3H 

Ik 

Ik 

2-  k 

2 

3 

\2% 

25k' 

3 

3 

7^2 

2% 

S'A 

Ik 

Ik 

2-  k 

2 

■iy?. 

i2ys 

25  Vg 

4 

4 

BVz 

3k 

3H 

9 

4-  % 

2 

4 

13?^ 

263/i 

5 

0 

9 

3^ 

4k 

2)^ 

23^ 

4-  J^ 

2^. 

5 

133i 

■27  yi 

o 

a 

10 

W2 

oVs 

2M 
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6 
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6 

6 

11 

5 
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3 

3 
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2H 

7 
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6 

6 

12^ 
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3 

3 

4-  ^ 

3 

8 

15,-8 
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6 

8 

13}^ 

6H 

7M 

0 

3 

4-  'A 

3'/, 

10 

17 

33'8 

6 

8 

16 

8 

8>2 

5 

3 

4-1 

4 

12 

181^ 
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7 

8 

19 

9 
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0 

W2 

4-1 

3 

11 

18  J  8 
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8 

8 

21 
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a 

4 

i-iH 

6 

16 
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38^8 

8 

8 

231^ 

12 

11 J^^ 

5 

4 

Ar-lVs 

6 

18 

20's 

401s 

8 

12 

25 

13M 
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9 

4 

4-1;^ 

6 

20 

44 

8 

12 

2732 

14 

1418 

9 

4 

4-1  k 

6 

Maximum  working  pressure,  15  lb.  per  sq.  in. 

This  joint  has  double-shp  and  maximum  traverse  of  10  in.  and  is  made 
with  a  close-grained  cast-iron  body  and  brass  tubing  or  cast-brass  sleeve. 

Standard  equi])ment  includes  service  and  drij)  connections,  anchor 
plates  and  glancl  packing. 

Companion  flanges  are  furnished  only  when  specially  ordered. 

Flanges  are  drilled  low-pressure  standard  unless  ordered  otherwise. 
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Fig.  21-89 


Table  24-27.     Class  GH  Webster  Expansion  .loints  for  High-Pressure  Steam 
Dimensions  (in  inches) 


Size 

B 

B> 

c 

D 

D- 

E 

El 

F 

F' 

P 

]■ 

K' 

M 

11, 

165s 

8A 

22?  8 

.! 

:', 

5 

SH 

21^ 

■■>is 

ni 

1^4 

2-    34 

1 

2 

16'^ 

BVs 

22I.S 

3 

i 

6 

8H 

21/, 

3 

IH 

m 

2-M 

l'4 

16'/^ 

814 

2Vi 

.■5 

A 

7 

101^ 

314 

3!^, 

m 

IVa 

2-  M 

,•} 

18'9 

9H 

2.514' 

3 

A 

714 

11 

2'/s 

31/^ 

m 

Wx 

2-  M 

2 

31.. 

18 

9 

2518 

I 

i 

9 

13 

3 '4 

3»4 

2 

4-  y% 

2 

4 

19 

914 

26?4 

•> 

5 

9 

12 

3,1-^ 

414 

2y, 

tVf 

4-  j^ 

214 

0 

191^ 

9H 

27H 

5 

.1 

10 

1414 

4'/? 

51's 

2H 

2'/, 

4-  Ji 

2'/^ 

6 

19M 

9% 

2-H 

() 

() 

11 

ISH 

.") 

54/« 

3 

3 

4-  j^ 

214 

8 

2.'5 

U'A 

3134 

6 

8 

1314 

l»}4 

63i 

714 

5 

3 

4^  ^ 

3H 

10 

21H 

i2ys 

33Vg 

6 

8 

16 

21  fi 

8 

8i'.'> 

5 

3 

4-1 

4 

12 

25  M 

12% 

36)4 

' 

8 

19 

2434 

0 

9=s 

5 

31^ 

4^1 

5 

Maximum  working  pressure,  125  lb.  per  sq.  in. 

This  joint  lias  douhle-slip  and  maximum  traverse  of  10  in.  and  is  made 
with  a  eios(^-orain(Hl  cast-iron  hody  and  Ijrass  tul)in2:  or  cast-l)rass  sleeve. 

Staiuhu'd  (Equipment  includes  service  and  dri|»  coiuKvtions.  anchor 
plates,  liinil  l)olls,  and  ojand  [)acking. 

Companion  flanges  are  furnished  only  wlien  specially  ordered. 

Flanges  are  drilled  low-pressure  standard  unless  specially  ordered 
otherwise. 


Table  24-28.     Distance  Between  Anchor  Points  and  Webster  Expansion  Joints 
for  Various   Steam  Pressure   Conditions 

The  following  table  is  reoomiuended  as  a  guide  in  the  design  of  steam  piping  for  detenninatioii  of 
the  proper  points  of  installation  of  Webster  Expansion  Joints.  In  such  design  the  maximum  pressure  which 
the  pipe  line  nuist  sustain  during  acceptance  tests  or  other  special  conditions  must  be  selected  as  the  "Gauge 
pressure" 


Temperature 
difference 
above  zero 


Expansion 

Inches 
per  100  feet 


Safe  maximum  distance  i 

feet  between  anchors 

for  single-slip 

expansion  joints* 


0 

212 

1.53 

260 

5.3 

227 

1.64 

245 

10.3 

240 

1.73 

225 

1.5.3 

250 

1.80 

220 

20.3 

259 

1.87 

215 

25.3 

267 

1.93 

210 

30.3 

274 

1.98 

202 

40.3 

286 

2.06 

195 

50.3 

297 

2.14 

190 

75.3 

320 

2.31 

175 

100.3 

337 

2.43 

166 

125.3 

352 

2.54 

160 

*For  double-slip  joints,  the  safe  distance  from  the  joint  to  an  anchor  in  each  direction  may  be  the  distance 
specified  for  a  >in};le  joint,  pro\  ided  the  body  of  the  double  joint  itself  is  securely  anchored 


Webster  Series  21  Steam  Separators 

For  working  pressures  up  to  200   lb.  per  sq.  in. 

Weljster  Steam  Separators  of 
the  standard  types  for  removing 
moisture  from  live  steam,  have 
cast-iron  corrugated  liaflles  against 
win'ch  the  steam  impinges,  causing 
a  sudden  ciiange  in  direction  of 
How  and  consequently  freeing  the 
steam  of  the  entrained  moisture. 

The  port  openings  in  every 
Webster  Steam  Separator  are  of 
such  size  as  to  minimize  loss  of 
steam  pressiu'e  from  unnecessary 
friction. 

These  separators  may  also  be 
used  for  sj)ecial  ])urposes.  as  re- 
moving moisture  from  compressed 
air,  assuring  operation  of  steam 
whistles  by  removing  moisture 
from  their  steam  sujiplies.  etc. 

The  material  ordinarily  used 
in  the  shells  is  close-grained  cast- 
iron,  bnt  special  shells  of  semi- 
steel,  cast  steel  or  other  material 
can  be  furnished. 

Gauge-glass  littings  and  drain 
valves  are  usual  equipment  but 
are  furnished  only  as  extras  >vlien 
ordered. 


Fig.  21-41.     Horizontal  type 


Table  24-29.     Dimensions  of  Webster  Series  21  Steam  Separators 
All  dimensions  in  inches 

Companion  Ihinges  and  Kauge  and   drain    fittings   furnished   only   when  specially  ordered.     Flanges 
are  drilled  to  high-pressure  standard  unless  otherwise  ordered 


■  1 

1 

) 

( 

/- 

^ 

g       Fig.  24-92.    Vertical  Type 
Down-Ill i«   only 


Dimensions 

Flanges 

Outside 

Bolt 

No.  &  sizes 

diameter 

circle 

of  bolts 

9 

21 K 

7 

■i 

6J^ 

5 

4-  Yi 

2H 

223/8 

8 

H 

IV2 

5^ 

4r-    Vi 

3 

23  J^ 

9V2 

?4 

834 

65/^ 

8-  M 

3M 

25^8 

10  >4 

1 

9 

7M 

8-  Vi 

4 

26M 

lOM 

1 

10 

7Ji 

8-  ?i 

5 

28^ 

13J^ 

1 

11 

9J4 

8-  Ya 

6 

30  Ji 

15 

1 

12J^ 

105^ 

12-  Ji 

8 

33  M 

20 

I'i 

15 

13 

12-  Ji 

10 

40M 

23M 

1^4 

17}^ 

15  J^ 

16-1 

12 

UM 

2-14 

Vi 

20  H 

\1% 

16-1 H 

Fig.  24-93.    Horizontal  Type 


Dimensions 

Flanges 

Size 

B 

F 

G 

H 

Drip 

Outside 
diameter 

Bolt 
circle 

No.  &  sizes 
of  bolts 

2 

91'2 

33'-8 

12^ 

83/8 

¥2 

63^ 

5 

4-  Ys 

3 

11J4 

5^- 

U3^ 

103^ 

Yi 

834 

6H 

8-  Yi 

4 

IS's 

5^4 

16 

113^ 

10 

r/s 

8-  34 

5 

14J^ 

734 

17M 

143^ 

11 

9H 

8-  34 

6 

16J^ 

83-8 

193^ 

16 

12K 

lOYs 

12-  3/i 

8 

20J4 

103/8 

2334 

203^^ 

15 

13 

12-  K 

10 

243s 

123.8 

26M 

243-2 

114 

n^ 

1534 

16-1 

12 

27  3.4 

ll?* 

30 

293-4' 

134 

203^ 

17M 

16-VA 

Special  Types  of  Webster  Steam  Separators 

\\  orking  pressures  up  'o  150  lb.  per  sq.  in. 


yH 


Fig  2l-9t 
Class  L — Angle  Type 
with  horizontal  outlet 


Fig.  2 1-9.") 

Class  M — .\iigle  Type 

with  bottom  outlet 


Fig.  2 1-96 

Class  \— Angle  Type 

with  top  outlet 


Table  24-30.     Ratiugs  of  Webster  Stearu  Separators 

Pounds  per  minute  at  average  gauge  pressures.    Based  upon  a  pipe  velocity  of  6000  ft.  per  min. 


Gauge  pressures 

Size  of 

100  Lb. 

125  Lb. 

ISO  Lb. 

200  Lb. 

separator 

per 

per 

per 

per 

in. 

sq.  inch 

sq.  incti 

sq.  inch 

sq.  inch 

o 

3.5. 

43.3 

51.6 

66.6 

3 

78.3 

96.7 

112. 

141. 

4 

140. 

167. 

196. 

250. 

o 

215. 

258. 

300. 

391. 

6 

317. 

383. 

450. 

583. 

7 

433. 

516. 

600. 

783. 

8 

550. 

660. 

800. 

1000. 

10 

883. 

1083. 

1250. 

1580. 

12 

1250. 

1533. 

1800. 

2333. 

CHAPTER  XXV 

Specifications  for  Webster  Systems 

THE  follow ing  sjxx'irications  cover  typical  Wchster  Systems  only  in  a 
general  \vay,  and  are  siihject  lo  many  variations.     It  is  advised  that 
wherever  ])ractical   a  Webster  Service   Engineer  he  called   into  con- 
sultation during  the  jjreparation  of  plans  and  specifications  for  Wel)ster 
Systems. 

Speciiicatioiis  tor  the  Webster  \  acuuni  System  of 
Steam  Heating 

(This  sjiecilication  is  written  for  a  system  of  the  usual  up-feed  type. 
For  the  variations  known  as  the  W  cluster  Conserving  System  and  the  W  ehster 
Hylo  System,  revised  special  clauses  will  be  furnished  by  Warren  Webster 
&  Company  on  application.) 

General:  (Here  specify  the  general  requirements  of  the  contract,  such  as  intent  of 
drawings  and  specifications;  verification  of  measurements;  co-operation  with  other  con- 
tractors; foreman;  ordinances;  ])erinits;  protection  of  work  and  buildings;  rights  reserved; 
extra  work;  return  of  specifications  and  drawings:  payments,  etc.) 

Cutting  of  Floors  and  Walls:  The  [building]  [heating]  contractor  will  cut  all  holes 
in  floors  and  walls  and  (iiovide  trenches  and  covers  for  piping  which  may  be  necessary  for 
this  work,  and  at  completion  make  all  repairs  to  floors  and  walls  so  cut. 

Scope  of  Work:  This  specification  is  intended  to  cover  a  2-pipe  low-pressure  heating 
system  known  as  the  Webster  Vacuum  System  of  Steam  Heating. 

It  is  intended  to  sui^ply  radiation  for  heating  the  building  to  a  temperature  of  .... 

degrees  fahr.  when  the  oulsidc  tniipcraluie  is or  a  corresponding  equivalent  difference 

in  temperature,  with  doors  and  windows  reasonably  tight. 

Spbc.i.\l  Apparatus:  The  basis  of  this  specification  being  a  Webster  System,  each 
bidder  is  required  to  submit  his  proposal  for  furnishing  apparatus  manufactured  by  Warren 
Webster  and  Company. 

*Alternate  Proposals  will  be  considered  for  the  use  of  modulation  supply  valves  and 

thermostatic  return  traps  of  the  same  supply  and  return  tappings  and  as  made  by 

provided  each  bidder  states  in  his  proposal  the  sum  which  will  be  added  to 

or  deducted  from  his  main  bid  in  case  they  are  used. 

Standard  Apparati's:  bi  addition  to  the  special  apparatus,  this  contractor  is  to  fur- 
nish all  other  material  and  labor  necessary  for  the  complete  work  as  shown  on  plans  or  called 
for  in  specifications. 

IVvdiaiion:  All  pipe  coils  must  be  made  up  of  full-weight  [mild-steel]  [genuine 
wrought  iron]  pipe  and  best  gray-cast  iron  fittings  and  manifolds.    All  radiators  must  be  of 

the pattern  equal  in  every  respect  to  that  manufactured  by   

and  must  be  of  the  heights  and  columns  shown  on  plans.  Th(>y  must  be  of  the  Jsteam]  [hot- 
water]  type. 

(Note:  If  of  hot-water  pattern,  specify  that  the  radiators  "shall  be  connected  with  the 
supply  at  the  top  and  the  return  at  the  diagonally  opposite  lower  corner."  If  of  steam 
type,  specify  that  they  "shall  be  provided  with  eccentric  bushings  and  connected  so  that 
the  bottom  of  the  return  connection  will  be  lower  than  the  bottom  of  the  supply  connection." 
Where  Webster  Modulation  \  alves  are  to  be  used,  hot-water  type  radiators  should  be 
specified.) 


To  b(^  ins-^rt^d  in  rasp  Ihn  .\rrhi(e(!t  or  Engineer  desires  to  obtain,  for  eomparalive  purposes,  an  altern.Tte  price  upon  ap- 
of  a  make  otlier  llian  Webster 


Contractors  supplying  radiation  ordered  for  this  work  shall,  if  they  be  called  upon 
to  do  so,  demonstrate  to  the  satisfaction  of  the  owners  or  their  authorized  representative, 
that  the  radiation  furnished  contains  in  each  section  of  the  different  types  supplied  the 
amount  of  prime  heating  surface  mentioned  in  the  hsts  published  by  the  manufacturers  of 
the  respective  types.  This  must  be  demonstrated  by  actual  measurement  and  the  develop- 
ment of  the  exposed  surface  of  the  sections. 

The  heating  contractor  is  to  instruct  the  manufacturer  of  the  radiation  that  he  requires 
same  to  be  thoroughly  pickled  and  cleaned  before  shipment  and  that  the  outlets  are  to  be 
plugged  with  loose  wooden  plugs.  The  manufacturer  must  issue  his  certificate  to  the  con- 
tractor showing  that  these  radiators  have  been  so  cleaned.  These  radiators  are  to  be  kept 
plugged  until  same  are  connected  to  the  different  pipe  lines. 

Air-valve  tappings  are  to  be  plugged. 

Radiators  must  be  tapped  or  bushed  for  sizes  of  supplies  and  returns  as  shown  on  plans. 

Coil  Hangers:  Overhead  radiators  are  to  be  hung  in  special  pipe  hangers  and  in  no 
case  shall  these  coil  hangers  be  more  than  10  ft.  apart. 

\\  all  ct)ils  are  to  have  spring  pieces  and  are  to  be  hung  on  cast  or  wrought-iron  plates 
spaced  as  directed  by  their  manufacturer,  screwed  to  13i2-in.  strap-iron  brackets  bent  to 
shape,  and  securely  fastened  to  the  walls  with  two  expansion  bolts  each.  Brackets  must  be 
spaced  not  over  10-ft.  centers.    Wall  radiators  must  be  hung  as  directed  by  manufacturers. 

Straps  shall  be  painted  two  coats  of  lead  and  oil  paint  of  colors  as  directed  by  owners 
before  radiators  are  set  in  place.  Owners  must  be  given  opportunity  to  paint  walls  or  ceil- 
ings before  radiators  are  set. 

Retirn  Traps:  The  return  end  of  every  radiator,  pipe  coil  or  other  form  of  heating 
unit  must  be  provided  with  a  Webster  Retiu-n  Trap  (of  the  type  selected).  The  size  of  the 
trap  shall  be  governed  by  the  amount  of  condensation  from  the  radiation  unit  as  called  for 
on  plans.  The  connections  of  Webster  Return  Traps  must  be  made  to  the  approval  of 
\\  arren  ^^  ebster  &  Company,  who  will  provide  the  contractor  with  service  details  showing 
approved  forms  of  connection. 

Slpply  \alves:  Each  radiation  unit  must  be  provided  with  a  Webster  Modulation 
\  alve  connected  to  the  top  supply  tapping. 

The  sizes  of  supply  valves,  the  radiator  tappings  and  the  sizes  of  horizontal  branches 
from  risers  to  radiators  must  be  as  shown  on  the  plans,  or  as  hereafter  described  in  this 
specification. 

Pipe:    All  low-pressure  pipe  must  be  full-weight  [mild-steel]   [genuine  wrought-iron] 

equal  to  that  manufactined  by All  screwed  piping  nnist  be  fitted 

with  occasional  flanged  unions.  Where  supply  pipes  are  reduced  in  the  run.  eccentric 
reducing  coupHngs  must  be  used. 

Straighten  all  pipe,  ream  all  burrs  and  remove  all  dirt  before  erecting  pipe  or  fittings. 
Have  all  runs  plumb  and  parallel  with  building.  Provide  Webster  Expansion  Joints  of  the 
types  and  sizes  and  at  the  points  shown  on  plans.  Support  all  pipes  securely  and  in  such 
manner  as  to  permit  unobstructed  movement  between  anchorages  for  expansion  and 
contraction. 

So  far  as  possible,  all  horizontal  runs  must  be  graded  in  the  direction  of  steam  flow. 

Fittings:  All  fittings  shall  be  best  gray-iron,  straight  and  true  and  free  from  blow- 
holes or  other  defects;  equal  to  those  manufactured  by Fittings  for  low  pres- 
sure shall  be  standard  weight;   those  for  high  pressure  shall  be  extra  heavy. 

\al\t;s:    All  check,  gate  and  globe  valves  must  be  equal  to  those  manufactured  by 


Heat  Mains:  From  the  low-pressure  side  of  pressiu-e-reducing  valve  run  a  pipe  to 
connect  into  the  exhaust  steam  main  where  shown  on  plans.  (Here  should  follow  a  descrip- 
tion of  the  course  of  the  steam  main  and  its  branches.) 

Horizontal  runs  must  grade  not  less  than  1  in.  in  25  ft. 

Ln'E  Steam  Conn'ection:  Connect  a  -in.  line  from  outlet  in  live  steam  main 
(where  indicated  on  plans)  to  the  heating  main  through  the  pressure-regulating  valve. 

This  valve  shall  be  .  .  .-in.  size  and  equal  to  thai  manufactured  by and 

shall  be  set  to  reduce  the  steam  pressure  from  ...  to  (1  lb.  per  sq.  in.  or  less). 

Provide  a  3-valve  bypass  as  shown,  the  valve  in  front  of  the  reducing  valve  to  be 
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of  the  globe  pattern.  Run  a  ''control  pipe"  as  shown.  Place  a  low-pressure  gauge  and  a 
'^4-in.  pop  alarm  valve  set  at  lO-lb.  pressure  in  the  heal  main  about  10  ft.  from  the 
discharge  of  pressure-reducing  valve. 

Risers:  A  system  of  supply  and  return  risers  is  to  be  run  as  shown  on  plans.  Risers 
are  to  be  run  [exposed]  [concealed]  and  are  to  be  of  sizes  marked  on  plans.  All  radiator 
branches  must  grade  back  to  risers  or  mains  with  as  much  grade  as  possible,  in  no  case 
less  than  1  in.  in  5  ft.  All  connections  are  to  be  made  with  ample  provision  for  expansion 
and  contraction  and  particular  care  is  lo  be  taken  that  Iwanches  are  run  witfiuut  pockets. 

Return  Piping:  All  return  risers  and  branches  are  to  connect  into  return  mains. 
Horizontal  return  piping  must  be  graded  towai'd  the  vacuum  pump  not  less  than  1  in. 
in  40  ft. 

Dirt  Traps:  The  bottom  of  all  supply  connections  taken  from  the  heating  main  must 
be  dripped  into  the  vacuum  return  by  means  of  a  cooling  leg.  a  gate  valve,  a  Webster 
Dirt  Strainer  and  a  Webster  Return  Trap  of  size  shown  on  plans. 

!\ole  :  In  large  installations  it  is  a(l\isal)le  to  run  a  separate  gravity  drip  line  and  connect  drip  of 
each  riser  or  drip  point  of  main  through  '4-in.  line  with  gate  valve  to  this  line.  The  discharge  of  this 
gravity  drip  Une  to  be  to  the  feed-water  heater  through  loop  seal  or  to  the  vacuum  return  through  W  ebster 
Heavy-duty  Trap. 

Dirt  Strainers:  Provide  and  connect  Webster  Dirt  Strainers  of  the  sizes  specified 
and  at  the  points  indicated  on  the  plans. 

Lift  Fittings:  Where  lifts  occur  in  the  vacuum  return  lines  they  are  each  to  be  pro- 
vided with  a  pair  of  Webster  Lift  Fittings  of  the  sizes  called  for  on  plans  and  connected 
according  to  special  service  detail  furnished  by  the  manufactiu'er. 

Boilers:  (Here  specify  the  make,  size  and  type  of  boiler  or  boilers  required;  also  the 
equipment  required  for  the  complete  boiler  plant,  including  smoke  breeching,  damper 
regulator,  gauges,  feed  pump,  injector  and  any  other  necessary  accessories.) 

Vacuum  Pumps:  (Here  specify  the  make,  size,  type  and  number  of  piunps  required 
"to  be  furnished  upon  (concrete  or  other  material)  foiuidations  to  be  provided  by  this 
contractor."  Detail  specifications  of  pumps  should  describe  either  the  electric-driven  type 
(Nash,  etc.)  or  the  steam-driven  type  (Blake-Knowles,  Burnham.  Marsh,  etc.).  For  steam- 
driven  pump,  specify  "simplex,  double-acting  type,  brass  lining,  and  fitted  for  hot-water 
service"  and  that  "each  pump  shall  be  provided  with  a  forced-feed  lubricator  of  approved 
make  and  having  a  capacity  of  one  quart." 

Each  pump  shall  have  ample  capacity  for  handling  the  products  of  condensation  from 
the  entire  heating  system. 

The  discharge  from  steam-driven  vacuum  pump  must  be  connected  to  the  proper 
tapping  in  the  receiving  tank.  If  discharge  outlet  is  located  on  the  side  of  the  steam 
pump,  tap  the  cover  plate  above  the  discharge  valves  and  run  ^^-in.  air  line,  connecting 
to  discharge  pipe. 

All  connections  must  be  properly  valved  and  made  complete. 

Suction  Strain'er:  In  the  suction  pipe  to  the  vacuum  pump,  place  a  Webster  Suction 
Strainer.  This  strainer  must  be  connected  to  accord  with  special  service  detail  furnished 
by  the  manufacturer. 

Vacut-Tm  Governor:  In  the  steam  connection  to  vacuum  pump  below  the  lubricator 
there  must  be  placed  a  .  .  -in.  Webster  Vacuum-pump  Governor  with  3-valve  bypass. 
Same  must  be  connected  by  means  of  J^-in.  vacuum  line  to  the  suction  strainer  and  also 
to  the  vacuum  gauge  on  board.    Each  branch  must  be  provided  with  a  globe  valve. 

Gauges:  Furnish  and  erect  at  convenient  position  two  o}<2-in-  compound  gauges 
mounted  on  a  slate  boaj'd.  Connect  one  gauge  to  equalizing  line  between  heat  main  and 
reducing  valve,  one  gauge  to  a  line  connecting  vacuum  governor  with  vacuum  return  at 
suction  strainer.    All  gauge  piping  to  be  ^4-'m.  and  all  branches  valved. 

Air-separating  Tank:   Furnish  a  Webster  Air-separating  Tank  .  .  .  in.  in  diameter 

by  ...  in.  long.     This  tank  is  to  be  of  the type. 

Erect  the  separating  tank  as  high  above  the  heater  as  possible,  as  shown  on  plans, 
and  to  it  make  connections  from  discharge  of  vacuum  pumps  and  to  feed- water  heater 
through  long  loop  seal. 

From  top  outlet  on  tank  make  a  vent  connection  to  atmosphere. 
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Feed-avater  Heater:  Furnish  and  erect  on  foundation  one  Webster  Feed-water 
Heater  of  sufficient  capacity  for  heating  the  required  feed  water  to  within  5  deg.  of  the  tem- 
perature of  the  steam  entering  same. 

The  drip  from  oil  separator  is  to  connect  to  waste  line  through  a  Webster  Grease  Trap 
with  3-valve  bypass  and  check  valve  as  shown  m  special  service  detail. 

The  contractor  is  to  make  all  necessary  steam,  water  and  drain  connections  as  shown 
or  called  for. 

Steam  Separator:  Furnish  and  connect  W'ebster  Steam  Separators  of  approved  type 
to  steam  lines  as  shown  or  called  for. 

The  drip  from  bottom  of  each  separator  is  to  be  connected  into  a  high-pressure  trap 
of  approved  make.  Each  trap  is  to  be  provided  with  a  3-valve  bypass.  The  discharge 
lines  from  these  traps  are  to  be  connected  into  the  feed-water  heater. 

Covering  :  After  all  piping  and  apparatus  have  been  tested  and  made  tight  to  the 
approval  of  the  [architect]  [engineer]  or  his  representative,  the  following  covering  is  to  be 
applied.  (Here  specify  necessary  covering  for  boilers,  heater,  sepcirator,  and  all  [specify 
which]  piping,  valves  and  fittings.) 

Painting  and  Bronzing  :  All  radiators,  coils  and  exposed  piping  throughout  the  build- 
ing, after  being  tested,  are  to  be  painted  or  bronzed  as  follows: 

All  radiators,  coil  and  exposed  piping  are  to  be  painted  one  coat  of  sizing  and  then 
[bronzed]  [painted]  [two]  coats;  color  as  selected  by  architect  or  owner. 

All  exposed  parts  of  boiler  and  heater  to  be  painted  two  coats  of  black  asphaltmn  paint. 

Tests:  All  concealed  pipes  and  risers  shall  be  tested  and  made  tight  under  an 
hydraulic  pressure  of  50  lb.  per  sq.  in.  before  being  covered  in.  The  entire  system  shall 
be  tested  and  made  tight  under  10-lb.  steam  pressure. 

Thoroughly  blow  out  the  pipes  to  free  them  from  all  accumulation  of  dirt,  chips  and 
other  material,  making  temporary  piping  connections  for  this  purpose. 

Fuel  and  Labor:  The  heating  contractor  will  furnish  all  fuel  and  labor  required  for 
testing  and  adjusting  boilers  and  apparatus  and  for  drying  out  covering  on  boilers  (and 
smoke  breeching).    He  will  also  remove  water  and  ashes  resulting  therefrom. 

Temporary  Setting  of  Radiators:  L  pon  written  request  of  the  [architect]  [engineer] 
the  contractor  shall  connect  up  for  temporary  heat  such  radiators  as  shall  be  designated. 
These  radiators  shall  afterwards  be  disconnected,  moved,  cleaned,  and  afterwards  recon- 
nected permanently.  Wall  radiators  and  radiators  without  leg  sections  shall  be  supported 
on  wooden  blocks.  Each  radiator  is  to  have  two  pipe  connections  and  no  supply  or  return 
valves  are  to  be  attached  at  this  time.  Each  bidder  will  state  in  his  proposal  a  unit  price 
which  he  will  charge  for  making  temporary  connections  as  described  above. 

Inspection:  This  job  is  to  be  inspected  by  a  representative  of  the  manufacturer  of  the 
return  traps  before  acceptance  and  he  shall  submit  a  written  report  of  the  same  to  the  Archi- 
tects. 

Guarantee  :  The  contractor  must  agree  to  make  good  at  his  own  expense  any  defects 
in  labor  or  material  furnished  by  him  for  this  work  which  may  develop  within  one  year 
from  the  completion  of  this  contract,  reasonable  wear  and  tear  excepted. 

The  entire  system  when  completed  is  to  be  tested  in  the  presence  of  the  [architect] 
[engineer]  or  his  representative,  and  made  tight  without  caulking.  The  contractor  will  be 
held  liable  for  any  damage  to  the  building  or  its  contents  due  to  leaks  or  other  defects  in  his 
work  which  may  develop  during  the  period  of  installation  and  test. 

Specifications  for  the  Webster  Modulation  System  of 
Steam  Heating 

(This  specification  is  written  for  a  large  residence.  It  is,  of  course, 
subject  to  modifications  and  variations  for  other  kinds  of  buildings,  for  other 
sources  of  steam  than  house  boiler,  etc.,  for  which  revised  typical  specifica- 
tion clauses  will  be  furnished  by  Warren  Webster  &  Company  on  request.) 

General:  (Here  specify  the  general  requirements  of  the  contract  such  as  intent  of 
drawings  and  specifications;  verification  of  measurements;  co-operation  with  other  con- 
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tractors;  foreman;  ordinances;  permits;  pioteclion  of  work  and  buildings;  rights  reserved; 
extra  work;   return  of  specilications  and  drawings:   payments,  etc.) 

(aittiivk;  of  Floors  am>  Walls:  The  |building|  [healing]  contractor  will  cut  all  holes 
in  floors  and  walls  and  provide  trenches  and  covers  for  piping  which  may  be  necessary  for 
this  work,  and  at  ctmiplelioii  make  all  repairs  to  floors  and  walls  so  cut. 

S('.()i»E  OF  Work:  This  specification  is  intended  to  cover  a  2-pipe  open-return  heating 
system  known  as  the  Webster  Modulation  System  of  Steam  Heating. 

It  is  intended  that  sufficient  radiation  shall  be  supplied  for  heating  the  building  to  a 
temperature  of  .  .  .  deg.  fahr.  when  the  outside  temperature  is  ...  deg.  fahr.  or  a 
corresponding  equivalent  difference  in  temperature,  based  upon  all  doors  £md  windows 
being  fitted  reasonably  tight  to  prevent  excessive  infiltration  of  cold  air. 

Special  Apparatus:  The  basis  of  this  specification  being  a  Webster  System,  each 
bidder  is  recjuired  to  submit  his  proposal  for  furnishing  apparatus  manufactured  by  Warren 
Webster  and  Company. 

*Alternate  Proposals  will  be  considered  for  the  use  of  modulation  supply  valves 
and  thermostatic  return  traps  of  the  same  supply  and  return  tappings  and  as  made  by 

,  provided  each  bidder  states  in  his  proposal  the  sum  which  will  be  added  to 

or  deducted  from  his  main  bid  in  case  they  are  used. 

Stsndard  Apparatus:  In  addition  to  the  special  apparatus,  this  contractor  is  to  fur- 
nish all  other  material  and  labor  necessary  for  the  complete  work  as  shown  on  plans  or  called 
for  in  specifications. 

Boilers:  (Here  specify  the  make,  size  and  type  of  boiler  or  boilers  required,  specifying 
also  the  equipment  required  for  the  complete  boiler  plants,  including  smoke  breeching  and 
other  necessary  accessories.)   (Indicate  what  contractor  is  to  build  boiler  foundation.) 

Note:  Boilers  and  auxiliary  equipment  must  be  installed  in  accordance  with  Warren  Webster  & 
Company's  standard  service  details. 

Damper  Regulator:  Furnish  one  Webster  Damper  Regulator  for  each  boiler;  to  be 
connected  in  accordance  with  the  manufacturer's  standard  details. 

Gauges  :  A  special  compound  gauge  for  Webster  Modulation  System  is  to  be  installed 
for  each  boiler.    This  gauge  will  be  furnished  by  the  manufacturers  of  the  system. 

Radiators:    All  radiators  throughout  the  building  shall  be  of or  equal 

approved  make;  all  radiators  to  be  of  the  hot-water  type  with  supply  tapping  at  top  and 
return  tapping  eccentric  at  diagonally  opposite  lower  corner.  Radiators  to  be  of  the  height 
and  columns  and  to  contain  the  surface  indicated  on  plans.  In  no  case  is  radiation  to  pro- 
ject above  window  sill.  In  connecting  all  radiators,  the  inlet  end  shall  be  placed  next  to 
feed  risers,  if  possible. 

The  indirect  stacks  are  to  be (make  and  type)  cast-iron  radiation,  to 

be  of  the  size  and  contain  the  number  of  sections  as  called  for  on  plans. 

The  heating  contractor  is  to  instruct  the  manufacturer  of  the  radiation  that  same  is 
to  be  thoroughly  pickled  and  cleaned  before  shipment  and  that  the  outlets  are  to  be  plugged 
with  loose  wooden  plugs.  The  manufacturer  must  issue  his  certificate  to  the  contractor 
showing  that  these  radiators  have  been  so  cleaned.  These  radiators  are  to  be  kept  plugged 
until  they  are  installed  and  connected. 

Air  valve  tappings  are  to  be  plugged. 

Radiators  must  be  tapped  or  bushed  for  sizes  of  supplies  and  retin'ns  as  shown  on  plans. 

Hangers:  Hangers  for  indirect  stacks  cu-e  to  be  strong  wrought-iron  or  pipe  supports. 

Enclosures  for  Radiators:  The  enclosures  and  grilles  for  enclosed  radiators  will  be 
furnished  by 

Return  Traps:  The  return  end  of  every  radiator,  pipe-coil  or  other  form  of  heating 
unit  must  be  provided  with  a  Webster  Return  Trap  (of  the  type  selected).  The  size  of  the 
trap  for  each  radiation  unit  shall  be  as  shown  on  plan  or  called  for  in  specification.  The 
connections  of  Webster  Return  Traps  must  be  made  to  the  approval  of  Warren  Webster 
&  Company,  who  will  provide  the  contractor  with  service  details  showing  approved  forms 
of  connection. 

Supply  Valves:  Each  radiation  unit  must  be  provided  with  a  Webster  Modulation 
Valve  connected  to  the  top  supply  tapping. 

*  To  be  inserted  in  case  tiie  Architect  or  Engineer  desires  to  tibtjiiii.  for  comparative  purpos-s,  an  alternate  price  u(Ktn  ap- 
paratus of  a  make  othtw  thau  Webster 


The  sizes  of  supply  valves,  the  radiator  tappings  and  the  sizes  of  horizontal  branches 
from  risers  to  radiators  must  be  as  shown  on  plans. 

Each  overhead  radiator  must  be  provided  with  a  Webster  Modulation  Valve  with  chain 
attachment. 

Provide  a  Webster  Modulation  Extended-stem  Valve  for  each  radiator  behind  a  grille. 

MoDVLATioN  \  ENT  Trap:    Furnish  and  install  [one]  No Webster  Modulation 

Vent  Trap  for  separating  the  air  from  the  condensation  in   the  heating  system.      [The] 

[Each]  trap  is  to  be  vented  through Webster  Vent  Valve[s]  placed  in  the  top. 

Pipe:    All  pipe  must  be  full-weight  [mild-steel]  [genuine  wrought  iron]  equal  to  that 

manufactured  by All  screwed  piping  must  be  fitted  with  occasional 

flanged  unions.    W  here  supply  pipes  are  reduced  in  the  run,  eccentric  reducing  couplings 
must  be  used. 

Straighten  all  pipe,  ream  all  burrs  and  remove  all  dirt  before  erecting  pipe  or  fittings. 
Have  all  runs  plumb  and  parallel  with  building.  Allowance  for  expansion  and  contraction 
nmst  be  provided.  Support  all  pipes  securely  and  in  such  manner  as  to  permit  unobstructed 
movement  between  anchorages  for  expansion  and  contraction. 

So  far  as  possible,  all  horizontal  runs  must  be  graded  in  the  direction  of  steam  flow; 
where  this  is  not  possible,  the  pipe  lines  shall  be  materially  increased  in  size  as  shown  on 
plans. 

Fittings:  All  fittings  shall  be  best  gray-iron,  straight  and  true  and  free  from  holes  or 
other  defects;  equal  to  those  manufactured  by Fittings  shall  be  standard- 
weight. 

Valve.s:   All  gate  valves  must  be  equal  to  those  manufactured  by All 

check  valves  must  be  special,  of  balanced  type  with  vertical  seat,  and  of  approved  make. 

Fresh-air  Inlets:  Fresh-air  inlets  for  indirect  heating  are  to  be  taken  from  openings 
provided  in  walls.  Ant>ther  contractor  will  provide  heavy  copper  wire  screens  having  ^4-m. 
mesh,  and  sheet  metal  louvers  over  the  mouth  of  each  inlet. 

Sheet  Metal  \\  ork:  The  ducts  supplying  fresh  air  to  the  indirect  stacks,  the  indirect 
stack  casings  and  the  hot-air  flue  from  indirect  stacks  to  registers  are  to  be  made  of  gal- 
vanized iron.  They  are  to  be  properly  braced  and  locked  tight  to  prevent  air  leakage. 
An  adjustable  lock  quadrant  hand  damper  is  to  be  provided  in  cold-air  connection  to  each 
indirect  stack. 

The  metal  used  for  all  ducts  and  flues  is  to  conform  to  the  following  gauges: 

Ducts  that  have  one  dimension  over  48  in gauge. 

Ducts  that  have  one  dimension  from  30  to  48  in.,  . . .  gauge. 

Ducts  that  have  one  dimension  from  12  to  30  in gauge. 

Ducts  that  have  one  dimension  smaller  than  12  in gauge. 

The  indirect  stack  casings  are  to  be  made  of  .  .  .  gauge  iron  and  are  to  be  built  neatly 

around  stacks  and  provided  with  cleanout  doors  above  and  below  radiators  in  bottom  or  side. 

Registers:   The  registers  for  the  outlets  of  hot-air  flues  from  indirect  stacks  will  be 

furnished  by ;   their  installation  is  included  within  this  contract. 

Steam  Piping:  From  the  steam  outlets  on  boiler  rise  and  connect  to  a  steam  header 
over  boiler.  From  top  of  header  take  branches  as  shown.  The  steam  lines  are  to  be  run 
close  to  ceiling  of  cellar  with  a  grade  of  1  in.  in  25  ft.  The  branches  for  risers  are  to  be  taken 
from  top  of  mains.  Steam  header  and  main  are  to  be  dripped  to  wet  drip  line  where  shown. 
Risers:  -\.  system  of  supply  and  return  risers  is  to  be  run  as  shown.  Risers  are  to  be 
run  [exposed]  [concealed],  and  are  to  be  of  sizes  marked  on  plans.  Unless  otherwise  noted 
on  plans,  branches  to  radiators  above  first  floor  are  to  be  run  concealed  in  floor  construc- 
tion and  branches  to  first  floor  radiators  are  to  be  run  overhead  in  cellar  as  close  to  ceiling 
as  possible.  All  radiator  branches  are  to  grade  back  to  risers  or  mains  with  as  much  grade 
as  possible,  in  no  case  less  than  1  in.  in  5  ft.  All  connections  are  to  be  made  with  ample 
provision  for  expansion  and  contraction  and  particular  care  is  to  be  taken  that  branches  are 
run  without  pockets. 

FIeturn  Piping:  All  return  risers  and  returns  from  first  floor  radiators  are  to  connect 
into  overhead  return  mains.  The  return  mains  are  to  start  as  high  as  possible  and  grade 
toward  the  Webster  Modulation  \  ent  Trap  1  in.  in  25  ft.  The  vent  trap  {or  traps)  to  be 
located  where  shown  and  at  least  30-in.  above  the  water  line  and  as  much  higher  as  possible. 
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|'l"lic|  ll-laclil  vont,  trap  will  ho  pro%i(l('(l  with  a  lappinj;  noar  the  top  into  whicli  the  dry 
return  main  must  Uv  ((iriiicclcd,  a  la[)piiif,'  in  the  bottom  Irom  which  a  .  .  .  in.  pipe  nuisl 
bo  run  to  Ix-low  boiler  water  lino  and  counoitod  into  the  wot  return  through  a  horizontal 

swing  chock  valve  of make.    Make  a  full  size  bypass  connection  around  |each| 

vent  trap.  Make  a  .  .  .-in.  city  water  supply  connection  to  boiler  with  check  valve  and 
cock,  also  a  .  .  .-in.  drain  to  waste  through  gate  valve  frojn  the  return  header  of  boiler  as 
directed,     ("hock  valves  are  to  be  installed  where  shown. 

A  wet  drip  line  is  to  be  run  on  wall  near  floor  as  shown,  and  connected  to  boiler.  To 
this  line  connect  drips  of  mains,  indirect  radiators  and  lines  from  vont  trap  as  shown. 

Covering:  After  all  piping  and  apparatus  has  been  tested  and  made  tight  to  the  ap- 
proval of  the  [architect]  [engineer],  the  following  covering  is  to  be  applied.  (Here  specify 
necessary  covering  for  boilers,  and  all  steam,  return  and  drip  piping,  valves  and  fittings.) 

Painting  and  Bronzing:  All  radiators,  coils  and  exposed  piping  throughout  the  build- 
ing, after  being  tested,  are  to  be  [painted]  [bronzed]  as  follows:  All  radiators,  coils  and 
exposed  piping  throughout  the  building  are  to  be  painted  one  coat  of  sizing  and  then 
bronzed  or  painted  [two]  coats ;  color  as  selected  by  architect  or  owner. 

All  exposed  parts  of  boiler  to  be  painted  two  coats  of  black  asphaltum  paint. 

Radiators  or  ducts  which  are  visible  through  grilles  or  registers  are  to  be  painted  two 
coats  of  dull  black. 

Tests:  All  concealed  pipes  and  risers  shall  be  tested  and  made  tight  under  an 
hydraulic  pressure  of  50  lb.  per  sq.  in.  before  being  covered  in.  The  entire  system  shall 
be  tested  imder  10  lb.  steam  pressure.  The  entire  system  shall  be  thoroughly  washed 
out  before  final  test,  wasting  condensation  to  sewer  or  other  point  of  disposal. 

Cleaning  Boilers:  Remove  safety  valve,  place  inside  the  boiler  a  sufficient  quantity 
of  soda  ash  to  cause  saponification  of  oils  and  grease.  Run  temporary  overflow  pipe  to  waste, 
from  safety  valve  outlet  or  from  highest  point  of  boiler  and  start  moderate  fire  so  that  foam- 
ing of  boiler  will  cause  flow  of  oil  and  grease  to  waste,  at  the  same  time  feeding  the  boiler 
with  water  to  prevent  injury  to  same.  After  thoroughly  boiling  out  the  boiler,  draw  the 
fire  and  when  cool  draw  off  all  water  from  the  boiler  and  thoroughly  wash  same  with  clean 
water  to  remove  dirt  and  chemicals.  The  treatment  of  boiler  should  be  repeated  if  water 
line  fluctuates  abnormally  or  shows  signs  of  foaming. 

Fuel  and  Labor:  The  heating  contractor  will  furnish  all  fuel  and  labor  required 
for  testing  and  adjusting  boilers  and  apparatus  and  for  drying  out  covering  on  boilers  (and 
smoke  breeching).    He  will  also  remove  water  and  ashes  resulting  therefrom. 

Temporary  Setting  of  Radiators:  Upon  written  request  of  the  [architect]  [engineer] 
the  contractor  shall  connect  up  for  temporary  heat  such  radiators  as  shall  be  designated. 
These  radiators  shall  afterwards  be  disconnected,  moved,  cleaned,  and  afterwards  recon- 
nected permanently.  Wall  radiators  and  radiators  without  leg  sections  shall  be  supported 
on  wooden  blocks.  Each  radiator  is  to  have  two  pipe  connections  and  no  supply  or  return 
valves  are  to  be  attached  at  this  time.  Each  bidder  will  state  in  his  proposal  a  unit  price 
which  he  will  charge  for  making  temporary  connections  as  described  above. 

Inspection:  This  work  is  to  be  inspected  by  a  representative  of  the  manufacturer  of 
the  return  traps  before  acceptance  and  he  shall  submit  a  written  report  of  the  same  to  the 
Architects. 

Guarantee  :  The  contractor  must  agree  to  make  good  at  his  own  expense  any  defects 
in  labor  or  material  furnished  by  him  for  this  work  which  may  develop  wil  hin  one  year  from 
the  completion  of  this  contract,  reasonable  wear  and  tear  excepted. 

The  entire  system  when  completed  is  to  be  tested  in  the  presence  of  the  architect  or 
his  representative,  and  made  tight  without  caulking.  The  contractor  will  be  held  liable 
for  any  damage  to  the  building  or  its  contents  due  to  leaks  or  other  defects  in  his  work 
which  may  develop  during  the  period  of  installation  and  test. 


CHAPTER  XXVI 


Webster  Sylphon  Trap  Attachments 

1.  For  "Sylphonizing;"  Webster  Traps  of  Earlier  Types 

STEAM  heating,  like  almost  every  other  science,   has  developed  pro- 
gressively tlu'ough  experience. 

Being  pioneers  in  tliis  held  Warren  Wehster  &  Co.  have  had  ample 
incentive  and  opportunity  for  experimental  research  and  development, 
and  have  constantly  improved  their  product  and  methods,  discarding  and 
abandoning  earlier  types  of  apparatus  as  improved  forms  were  adopted. 
The  Welister  Sylphon  Tra})  (shown  and  described  on  pages  2i2-5)  is 
now  generally  recognized  by  leading  architects  and  engineers  to  be  the 
most  satisfactory  type  of  device  for  return  hue  systems.  It  is  in  its  eleventh 
year  of  success  and  the  total  number  in  use  has  passed  the  million  mark. 

Owners  of  buildings  and  plants  in  which  old-style  Webster  Valves  are 
in  use  wiH  be  vitally  interested  in  knowing  that  such  valves  can  be  readily 
converted  into  \\  ebster  Sylphon  Traps  h\  means  of  the 
Webster  Sylphon  Attachments  described  in  this  chapter. 
The  conversion  necessary  to  bring  the  heating  system 
thoroughly  uj)  to  date  can  be  made  at  a  very  moderate  cost. 
No  breaking  or  touching  of  pipe  connections  is  involved,  as 
the  old  valve  liodies  are  utilized. 

The  advantages  to  be  derived  from  the  "changeover" 
will  be  evident  from  the  description  of  the  Webster  Sylphon 


...i 


Hg.  26-1.    The  No.  122  Theriuostatic  Valve  in  its  original  form  and  same  valve  changed  over. 

Pipe  connections  untouched 
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Trap,  on  pajjo  2t2.  wliirli  description  will  e(|iially  lit  the  earlier  Webster 
Valves  after  they  are  converted  by  means  of  Webster  Sylplion  Allaciiinents. 
The  time  required  for  changing  over  any  valve  is  only  a  few  minutes. 

Conversion  of  No.  422  W^ebster  Thermostatic  Valves:  The 
method  of  changing  over  by  means  of  the  5-A-13  Webster  Sylphon  Attach- 
ment is  indicated  by  the  illustrations. 

It  is  only  necessary  to  remove  the  old  bonnets  and  interior  parts,  tap- 
ping the  body  for  the  insertion  of  a  new  brass  seat  by  means  of  a  tapping 
tool.  The  Webster  Sylphon  Trap  Attachment  may  then  be  inserted  and 
the  old  valve  has  become  a  new  Webster  Sylphon  Trap  equal  in  performance 
to  the  standard  Webster  Sylphon  Traps  which  are  furnished  to  tliousands 
of  new  customers  each  year. 

For  conversion  of  Multiple-unit  Thermostatic  Valves,   see  page  296. 

Conversion  of  Webster  Motor  Valves:  This  is  practically  the 
same  as  with  tlie  No.  122  Webster  Thermostatic  Valve  except  that  a  slightly 
different  Sylphon  Attachment  is  used. 

The  illustrations  show  the  No.  .522  M  Sylphon  Attachments  for  ^o-'m. 
motor-valves  of  tlie  disc-air-port  type.  The  No.  533  M  Attachment  for 
34-in.  motor-valves  is  of  exactly  the  same  construction.  These  same 
Sylphon  Attachments  may  be  applied  to  the  '03  motor-valves  of  the  pin- 
air-port  type  where  this  special  type  of  valve  is  to  be  changed  over. 

For  conversion  of  Multiple-imit  Motor  Valves,  see  page  296. 


Fig.  26-2.  '2-lnch  Webster  Motor-Valve.  Disc- Port 
Type,  in  its  original  form  and  same  valve  changed  o\er. 
Pipe  connections  untouched  i 

Conversion  of  No.  422  Webster  Water-seal  Motors:  The 
method  of  changing  over,  as  illustrated,  involves  the  use  of  the  same  attach- 
ment as  for  changing  over  the  Webster  Thermostatic  Valve  as  just  de- 
scribed. In  the  case  of  the  Water-seal  Motor,  however,  the  operation  is 
simplified  through  the  old  body  being  already  tapped  for  the  valve  seat. 

It  is  only  necessary  to  remove  the  old  bonnets  and  interior  parts,  and 
insert  the  new  brass  seat.  The  Webster  Sylphon  Trap  Attachment  may 
then  be  inserted  and  the  old  valve  becomesa  new  Webster  Syl[)hon  Trap. 

For  conversion  of  Multiple-unit  Valves,  see  page  296. 
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Fig.  :^6-3.  The  No.  122  Water-seal  Motor  in 
its  original  fomi  and  same  motor  changed 
over.     Pipe  connections  untouched 


""^ 


^J 
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Conversion  of  No.  522  Water-seal 
Traps:  Tlie  change-over  in  this  instance  re- 
quires only  removal  of  the  old  bonnets  and 
interior  parts,  and  inserting  the  new  Webster 
Sylphon  Trap  Attachments. 

Re-tapping  is  not  necessary  for  the  new- 
seat. 

For  conversion  of  Multiple-unit  Water- 
seal  Traps,  see  page  296. 

Similar  Webster  Sylphon  Attachments  can 
be  furnished  for  all  the  other  sizes  of  Webster 
W  ater-seal  Traps  as  follows: 


Fig.  26-4.  No.  5-C-15  Sylphon  Attach- 
ment for  522  or  523  Water-seal  Trap 
where  the  discharge  rating  is  low 


-m. 


-No. 

\i-m. — No. 

1-in. — No. 

l-in. — No. 


|i 


-in.- 


No. 


523 
533 
534 
541 
545 


Fig.  26-5.     N(j.  522  Webster  Water-seal  Trap  in  its  original  form  and  same  trap  changed  over. 

using  522  Sylphon  Attachment  for  higher  discharge  rating 
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The  No.  522  and  No.  523  take  the  same  Sylphon  Attachment.  Anotlier 
atlacliment  apphes  equally  Tor  No.  533  and  No.  534.  No.  544  and  No.  515 
each  have  an  iiidivichial  attachment. 


5-Unil 


6-Liiil 


Fig.  26-6.    Multiple-unit  Thermostatic  Valve  with  No.  t  Typ<'  l)i>ilifs  changed  over  by  means  of  Webster 

Sylphon  Attachments.     Pipe  connections  untouched.     Note  how  intervening  openings 

are  blanked  out  by  new  cap  and  solid  seat 

Conversion  of  Multiple-unit  Webster  V.\lves  of  Earlier  Types: 
On  units  of  radiation  beyond  the  capacity  of  a  single  valve  it  was  the  practice 
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in  the  past  to  reconinitnul  and  use  a  jNIultiple-unit  Valve,  made  up  of  a 
special  body  having-  multiple  openings  to  receive  two  or  more  bonnets 
similar  in  all  respects  to  those  used  in  the  standard  single-unit  valve. 

For  changing  these  Multiple-unit  Webster  \  alves  by  means  of  Sylphon 
Attachments,  the  use  of  Sylphon  Attachments  is  recommended  only  for  the 
alternate  openings  in  the  valve  body,  the  intervening  outlets  being  plugged 
as  shown  in  Fig.  26-6. 

Multiple  ^  alves  were  made  up  to  6-unit.  It  is  necessary  to  deter- 
mine whether  attachments  are  for  2-unit,  3-unit,  etc.,  so  that  proper  num- 
ber of  attachments,  solid  seats  and  blanking-out  caps  may  be  furnished. 

The  Multiple-unit  ^  alve,  when  changed,  will  have  capacity  equal  to 
(and  possibly  in  excess  of)  the  requirements  of  the  original  installation. 


II.  For  "Sylphoiiizing"  Radiator  Outlet  Valves  of  Other  Makes 


r  '• 


Fig.  26-7.  5-A  Extension  Attachments  (Five-fold  Sylphou  btlJuws)  applied  to  valve  bodies  of  various  makes 


\  great  demand  has  developed  for  Webster  Sylplion  Atlachnients, 
not  only  in  connection  with  early  ty])es  of  Webster  Valves,  but  for  other 
makes  of  valves  and  traps,  and  in  the  convertinfr  of  old  gravity  systems  in 
whicli  the  ordinary  hand-wheel  shnf-olf  valve  was  employed. 

To  meet  tlie  n>{]iiirements  of  a  wide  variety  of  sizes  and  types  of  valve 
and  trap  bodies  the  Attachments  described  in  the  following  pages  have  been 
designed.  The  principle  is  the  same  with  each  altaclnnent.  The  variation 
is  only  in  the  work  of  application. 

With  the  instructions  furnished  and  the  tools  loaned  for  the  purjiose, 
the  work  of  Webstcrizing,  by  means  of  these  attachments,  is  so  simple  that 
it  can  be  done  in  a  few  minutes  for  each  radiator,  and  so  cleanly  that  there  is 
no  disturbance  or  damage  to  surroimdings  or  furnishings. 

The  use  of  these  Webster  Sylphon  Attachments,  properly  applied 
throughout  the  building,  will  often  effect  the  same  advantages  as  extensive 
changes  in  i)iping  and  at  a  small  fraction  of  the  cost.  And  further,  the 
whole  work  of  cliange-over  can  be  done  without  interrupting  the  oj)eration 
of  the  system  as  a  whole. 

Series  18  Webster  Sylphon  Attachments  are  of  two  general  forms: 

Class  A  in  which  the  attachment  parts  are  fitted  in  an  extension  body 
which  screws  into  the  old  trap  or  valve  body;  and  Class  C  in  which  the  at- 
tachment parts  are  fitted  into  a  special  brass  cap  which  is  threaded  to  fit 
the  old  valve  or  trap  body. 

The  Class  A  Extension  Attacimients  are  made  with  extension  bodies 
to  receive  5-fold  Sylphon  Bellows  (symbol  5-A)  and  to  receive  12-fold 
Sylphon  Bellows  (symbol  12-A). 

The  extension  liodies  of  both  the  5-A  and  12-A  classes  are  made  with  a 


Fig.  26-8.    Typical  Class  A  Sylphon  Attachments  having  extension  bodies.     Where  necessary  for  securing 
correct  final  adjustment,   a  screw  fit  or  push  fit  seat  is  used.     A  typical  push  fit  seat  is  shown  at  the  right. 


Fig.  26-9.    Typical  Extension  bodies  12-.\ 

threaded  opening  at  the  top  to  receive  a  standard  cap.  but  of  varying  diam- 
eters of  the  lower  part  of  tlie  body,  so  that  the  lower  end  may  be  threaded 
to  fit  the  thread  of  the  old  body. 

The  illustrations  show  the  full  series  of  Extension  Attachments  from 
5-A-12  to  5-A-27  inclusive.  The  12-A  Extension  Attachments  are  similarly 
made  in  sizes  12-A-12  to  12-A-27  inclusive,  although  the  application  of  only 
two  of  this  type  is  shown. 

The  capacity  required  as  indicated  by  size  of  radiator  determines 
whether  a  5-A  or  12-A  Extension  Attachment  should  be  used. 

It  will  be  noted  that  the  valve  stem  attached  to  the  Sylphon  Bellows 
varies  in  length  with  the  type  of  valve  body,  but  is  similar  in  all  cases. 

The  seat  requires  a  little  explanation.  It  is  impractical  to  use  a  threaded 
seat,  as  a  constant  distance  must  be  maintained  from  body  face  to  seat  face 
and  this  cannot  be  done  with  a  threaded  seat  because  of  the  variations  in 
the  distance  mentioned,  which  w ill  occur  in  bodies  of  same  make  and  size. 

The  seat  is  made  to  push-lit  in  the  body  opening  which  is  previously 
prepared  by  reaming  to  the  desirable  diameter.  Final  attachment  to  gauge 
depth  to  meet  any  variation  in  the  de])th  of  the  valve  l)ody  is  made  by 
means  of  a  push-in  tool  which  is  loaned  for  the  purpose. 

In  the  case  of  ordinary  globe  or  angle  valve  bodies  and  in  various  makes 
of  float  traps  where  preparation  in  this  respect  w as  not  previously  provided, 
the  push-fit  seat  described  above  provides  means  to  obtain  the  correct 
final  adjustment  without  difficulty. 

The  valve  stem  is  a  solid  brass  rod  w  ith  a  conical  taper  for  seating  and 
is  of  varying  lengtli  as  determined:  (1)  by  the  gauge  depth  of  the  old  body 
from  bonnet  face  to  seat.  (2)  l)y  the  tliameter  of  orifice  in  the  seat;  and  (3) 
by  the  rating  of  the  radiation  unit  to  which  the  valve  is  connected.  Where 
necessary  to  provide  greater  vapor  space  through  the  neck  of  the  extension 
body,  the  rod  is  turned  down  to  smaller  diameter  at  such  points. 

The  Class  C  Cap  Sylphon  Attachments  are  designed  for  those  forms 
of  old  valve  and  trap  bodies  in  which  the  expanding  member  (Sylphon 
Bellows)  and  conical  valve  piece  may  be  placed  entirely  within  the  old  body 
without  the  use  of  an  extension  body. 

With  this  class  of  attachment  it  is  necessary  to  provide  a  special  cap, 
threaded  to  fit  the  existing  body,  but  the  design  has  been  standardized  so 
that  few  patterns  need  be  used  to  meet  a  wide  variety  of  bodies. 


Kig.  26-10.  Typical  Class  C  Sylphon 
Cap  Attachiin>rit»  placed  entirely  with- 
in the  old  bodies  and  push-lit  seats  in- 
slMlled    for    correct   final   adjustment 

At  the  left  is  a  S-C  Attachment 
iFivc-fold  Sylphon  bellowsj 

At  the  right  is  a  12-C  Attachment 
(Twelve-fold  Sylphon  bellows) 

Note  this  special  case  of  a  new 
screwed-in  seat  with  a  pushed-in  fer- 
rule for  insuring  aceurale  adjustment 


The   Class   C  Cap  Attachments,  hke  the 
Extension   Attachments,    are  made  to  receive 
either  the  5-fold  or  12-fokl  Sylphon  Bellows  to    |n« 
which  the  symbols  5-C  and  12-C  are  given. 

The  illustrations  above  show  the  ap|)iica- 
tion  of  Class  C  Cap  Attachments  to  two  difl'er- 
ent  shapes  of  valve  bodies. 

The  description  given  previously  in  refer- 
ence to  the  valve  stem  and  seat  for  the  Extension  Attachments,  applies 
equally  to  the  Cap  Attachments. 


CHAPTER  XXVII 

Fuel  Saving  by  Preheating  Boiler- Feed  Water 

WHERE  exhaust  steam  is  available  and  would  otherwise  be  wasted, 
a  considerable  saving  of  fuel  may  be  effected  by  utilizing  a  direct- 
contact  (open)  feed-water  heater  to  transfer  heat  from  the  exhaust 
steam  to  the  cold  feed  water. 

The  saving  amounts  to  approximately  one  per  cent  of  fuel  for  each  11 
deg.  increase  in  the  feed-water  temperature.  This  is  the  figure  taken 
for  ordinar\-  calculations. 

A  more  accurate  method  of  computing  this  saving  takes  into  considera- 
tion the  total  heat  in  the  steam  generated  in  the  boiler,  as  well  as  the  final 
and  initial  temperatures  of  the  feed  water. 
This  formula  is 

Total  saving  in  per  cent  =  „      g'.^~  J    ,  in  which  H=  total  heat  above 

32  deg.  fahr.  per  lb.  of  steam  at  boiler  pressure,  t ,=  temperature  of  water 
after  heating,  and  t2=  temperature  of  water  before  heating. 

Table  27-1.     Percentage  of  Total  Heat  of  Steam  Saved  per  Degree  Increase  in 
Feed-water  Temperature  for  Various  Pressures  of  Saturated  Steam 


Gauge 

oressure  in  boiler — Lb.  per  sq.  in. 

s-^ 

0 

10 

25 

50 

75 

100 

125 

150 

175 

200 

225 

-J 

Value  of  H 

•2  i 

1150.4 

1160.2 

1169.2 

1178.4 

1184.3 

1188  8  1192  2 

1195.0 

1197.3 

1199  2 

1200.9 

;=Q 

Pei 

cent  sa> 

•ed  per  degree  increase  in  temperature 

32 
40 

.0869 
.0875 

.0862 
.0868 

.0855 
.0861 

.0849 
.0854 

.  0844 
.  0850 

.  0841 
.  0847 

0839 
0844 

.0837 
.0843 

.0835 
.0841 

.0834 
.0840 

.0833 
.0839 

50 
60 
70 

.0883 
.0891 
.0899 

.0875 
.0883 
.0891 

.0869 
.0876 
.0884 

.0862 
.0869 
.0877 

.0857 
.0865 
.0872 

.  0854 
.0862 
.0869 

0852 
0859 
0866 

.0850 
.0857 
.0864 

.0848 
.  0855 
.0863 

.0847 
.0854 
.0861 

.0846 
.  0853 
.  0860 

80 
90 
100 

.0907 
.0915 
.0924 

.0899 
.0907 
.0916 

.0892 
.0900 
.0908 

.  0884 
.0892 
.0900 

.0880 
.0888 
.0896 

.0877 
.  0884 
.0892 

0874 
0882 
0889 

.0872 
.0879 
.0887 

.0870 
.0878 
.0886 

.0869 
.0876 
.0884 

.0867 
.  0875 
.0883 

110 
120 
130 

.0932 
.0941 
.  0950 

.  0924 
.0933 
.0941 

.0916 
.0925 
.0934 

.0909 
.0917 
.0925 

.0904 
.0912 
.0921 

.0900 
.0909 
.0917 

0897 
0906 
0914 

.0895 
.0903 
.0912 

.0893 
.0902 
.0910 

.0892 
.0900 
.0908 

.0891 
.  0899 
.0907 

140 
150 
160 

0959 
0968 
.0978 

.09.50 
0959 
.0969 

.  0942 
.  0951 
.0960 

.  0934 
.  0943 
.0952 

.0929 
.0938 
.0947 

.0925 
.  0935 
.0943 

0922 
0931 
0940 

.0920 
.0929 
.0937 

.0918 
.0927 
.0935 

.0916 
.  0925 
.0931 

.0915 
.0924 
.0932 

170 
180 
190 

.0987 

.0997 

0  1008 

.0978 
.0988 
.0998 

.0970 
.0979 
.0989 

.0961 
.0970 
.0980 

.0956 
.  0965 
.0974 

.0952 
.0961 
.0970 

0948 
.0957 
.0967 

.0946 
.09.55 
.0964 

.  0944 
.0953 
.0962 

.0942 
.  0951 
.0960 

.  0941 
.  0950 
.0959 

200 
210 
220 

0  1018 
0.1028 
0.1039 

0.1008 
0.1018 
0.1029 

.0999 
0.1009 
0.1019 

.0990 

.0999 

0.1010 

.0981 

.0991 

0.100 1 

.0980 
.0990 
.0999 

0976 
0986 
0996 

.  0974 
.0983 
.0993 

.0972 
.0981 
.0991 

.0970 
.0979 
.0989 

.0968 
.0978 
.0987 

Example:  Assume  a  boiler  pressure  of  140  lb.  per  sq.  in.  absolute,  and 
initial  and  final  temperatures  of  40  deg.  fahr.  and  210  deg.  falir.  respectively. 
The  total  saving  according  to  this  formula  is  14.36  per  cent,  where  by  the 
"one  per  cent  for  each  11-deg.  increase"  rule,  the  saving  for  the  same  condi- 
tions figures  15.45  per  cent. 

For  convenience  the  results  as  figured  from  the  more  accurate  formula 
have  been  reduced  in  Table  27-1,  to  a  basis  of  per  cent  of  saving  per  degree 
increase  of  temperature. 

Webster  Feed-water  Heaters:  Webster  Feed-water  Heaters,  for 
obtaining  the  fuel  savings  just  mentioned  and  other  benefits  not  so  easily 
measured,  are  made  in  tlie  following  types: 

Series  100,  CAass  B.  trith  overflow  seal:  The  standard  type  for  utilizing 


m* 


Fig.  27-1.     Series  100  Class  B 
Webster  Feed -water  Heater 


Fig.  27-3.     Series   400   Class  EBP  and 
Fig.  27-2.   Series  200  Class  KB  and    Series  500  Class  EBPH  Webster  Feed- 
Series  300  Class  EBH  Webster  Feed-    water  Heater.  Preference  Cut-out  Type 
water  Heater.     Standard  Type. 
Smaller  sizes 


Fig.  27-4.  Series  800  Class  EF  Webster 
Feed-water  Heater,  Standard  Type 


Fig.  27-5.    Series  900  Class  EFP  Webster  Feed- 
water  Healer.    Preference  Cut-out  Type 


exhaust  steam  at  atmospheric  pressure  and  for  a  maximum  steam  pressure 
of  H-^h.  per  sq.  in.  JNlay  be  operated  on  either  induction  or  thoroughfare 
principle. 

Series  200,  Class  EB:  The  standard  type  for  use  in  connection  with  ex- 
haust steam  systems  under  pressures  not  exceeding  5-11).  per  sq.  in.  Best 
operated  on  induction  principle. 

Series  300,  Class  EBH:  Same  as  Series  200,  Class  EB,  but  suitable  for 
pressures  up  to  10-lb.  per  sq.  in.  maximum.     Tested  to  15-lb.  per  sq.  in. 

Series  WO,  Class  EBP:  Same  as  Series  200,  Class  EB,  but  with  inde- 
pendent oil  separator  large  enough  to  purify  all  exhaust.  Specially  designed 
for  use  with  exhaust  steam  heating  or  drying  systems  under  pressures  not 
exceeding  5-11).  per  sq.  in. 

Series  500,  Class  EBPH:  Same  as  Series  400,  Class  EBP,  but  suitable 
for  pressures  up  to  10-lb.  per  sq.  in.  maximum.     Tested  to  15-lb.  per  sq.  in. 

Series  800,  Class  EF:  This  type  is  for  smaller  capacities,  50  to  350 
hp.,  and  is  similar  to  Series  200,  Class  EB,  except  that  the  shell  is  a  one- 
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Fig.  27-6.    Webster  Feed-water  Heater  installation  in  connection  with  a  Vacuum  Heating  System.    Water 
inlel  automatically  controlled.   The  heater  shown  is  of  the  standard  type.   Any  other  type  of  Webster 
Heater  would  be  connected  in  the  same  way 


piece  casting  and  is  supported  by  a  framework  made  from  pipe  and  fittings. 
It  is  suitable  for  working  pressures  up  to  10-11).  per  sq.  in. 

Series  900,  Class  EFP:  Same  as  Series  800,  Class  EF,  but  including  the 
large  size  oil  se])arator  and  the  cut-out  valve. 

Webstkh  Feed-water  Heaters,  Standard  Type:  The  heater  shell 
as  illustrated  in  this  chapter,  is  made  of  close-grained  cast-iron  plates.  WCh- 
ster  Heaters  are  also  made  with  shells  of  genuine  old-fashioned  jjuddlrd 
wrought-iron,  or  of  other  sheet  nielals  such  as  flange  steel  or  the  so-called 
copper-bearing  steels.  Wrought-iron  heaters  are  specially  recomtnciidcd 
as  they  are  proof  against  the  minor  accidents  of  operation  which  fre- 
quently crack  cast-iron  heaters. 

The  heater  is  easily  cleaned,  as  the  interior  is  accessible  without  dis- 
turbing any  of  the  pipe  connections.  The  large  hinged  doors  may  be  quickly 
opened,  and  the  trays  withdrawn.     The  lower  chamber,  containing  the 


Note:- 
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Fig.  27-7.     This  Webster  Feed-water  Heater  installation  ilitfers  fri)iii  usual  practice  in  that  the  make-up 
water  supply  is  manually  controlled.     A  float  within  the  hitiler  nperntes  a  \alve  in  the  steam-pipe  sup- 
plying the  hoiler-feed  pmnp  to  stop  the  pump  wlien  the  water  level  is  below  a  pre-deterniined  point 


filter,  is  accessible  through  the  filter  doors.  Wliere  the  doors  are  bolted  to 
the  heater  body,  the  shell  is  suitably  reinforced,  the  faces  being  machined 
to  insure  tight  joints. 
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Fig.  27-S.    Series  200  Class  EB  and  Series  300  Class  EBH  Webster  Feed-water  Heater,  Standard  Type 
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The  water  supply  to  the  heater  is  controlled  autoinalicalK  .  the  re<iulat- 
ing  valve  being  operated  by  a  scries  of  levers  coiniecl(>d  lo  an  open  co|)|)cr 
sink  pan  (performing  the  functions  of  a  float),  placed  within  the  healer  shell. 

Any  dangerous  excess  of  water  automalically  passes  out  of  the  heater 
when  the  water  reaches  the  overflow  level.  Except  in  the  case  of  the  100 
Series,  the  excess  water  is  automatically  passed  out  tiirough  a  valve  actuated 
in  the  same  manner  as  the  cold  water  supply-valve,  that  is,  by  another  open 
sink  pan  placed  within  the  heating  chamber.  This  valve  is  normally 
closed,  preventing  loss  of  steam. 

The  Webster  Oil  Separator  which  fonns  a  part  of  each  heater  is  well 


Fig.  27-9.    Series  800  Class  EF  W  ebster  Feed-waler  Heater.  Standard  Type 
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known  and  extensively  used  as  an  independent  unit  for  removing  oil  from 
exliaust  steam  mains,  hence  its  use  in  the  Webster  Feed-water  Heater. 

The  feed  water,  entering  the  heater  through  the  automatically  con- 
trolled valve  inlet,  passes  into  the  water-sealed  distributing  trough,  which 
has  two  wide,  extended  lips.  The  water,  overllowing  from  this  trough  in 
even  sheets,  is  distril)uted  over  a  series  of  oppositely  inclined,  finely  per- 
forated metal  trays,  arranged  one  above  the  other  as  shown  in  the  illustra- 
tion below.  The  water  in  its  downward  course  falls  from  one  tray  to  the 
other,  part   of  it  passing   through  the  tray  perforations  and  the  balance 
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Fig.  27-10.    Series  400  Class  EBP  and  Series  500  Class  EBPH  Preference 
Cut-out  Type  \\'ebster  Feed-water  Heaters 
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falliiifr  from  llie  lower  edge  of  llic  Iray  to  the  tray  ininiodialely  below. 

This  niethod  of  water  travel  provides  the  necessary  surface  contact  for 
the  steam  and  water  so  that  the  highest  possible  temperature  is  imj)arte(l  to 
the  water,  causing  a  liberation  of  gases  and  precipitation  of  solids.  Ample 
space  is  provided  for  uniform  distribution  of  steam  around  the  trays. 

By  reason  of  the  large  storage  chamber  it  is  possible  to  utilize  the  heater 
as  a  receiver  for  condensation  from  heating  systems,  dry  kilns,  heating 
apparatus,  etc.  Between  the  level  at  which  the  cold  water  sujjply-valve  is 
closed  and  the  overflow  there  is  ample  space  for  the  accumulation  and 
storage  of  such  retiu^ns. 

The  filter  is  located  in  the  lower  compartment  of  the  heater.  In  this 
settling  chamber,  opportunity  is  given  for  the  ])recipitation  and  filtration 
of  tlie  particles  of  sediment  and  impurities  and  for  frequent  drainage  through 
a  quick-opening  drain  valve. 

The  filter  bed  is  commonly  composed  of  coke  or  other  suitable  material, 
w  Inch  is  contained  between  the  perforated  division  screens  already  mentioned. 
This  material  can  be  renewed  whenever  necessary. 

The  large  doors  at  the  front  allow  ready  access  for  charging  and  cleaning. 

The  Webster  Preference  Cut-out  Heater:  Tliis  type,  as  may  be 
noted  from  the  illustrations,  combines  a  Webster  Heater  and  a  large  oil 
separator  with  a  cut-out  gate  valve  intervening.  The  oil  separator  has 
sufficient  capacity  to  remove  the  oil  from  the  exhaust  steam  delivered  from 
the  engines,  pumps  and  other  sources.  This  arrangement  is  therefore 
especially  desirable  where  exhaust  steam  is  to  be  utilized  in  heating  or  drying 
systems,  cooking  kettles  or  other  industrial  processes. 

A  Webster  Grease  Trap  is  used  in  draining  the  sej)arator.  Steam  from 
the  engines  and  auxiliaries  should  be  combined  in  a  conmion  exhaust  pipe 
before  reaching  the  heater.  This  exhaust  pipe  may  enter  the  separator 
horizontally  or  vertically,  the  latter  condition  being  usual  with  tlie  exhaust 
steam  ciu"rent  upward. 

Uj)on  reaching  the  preference  oil  separator  the  steam  flows  horizontally 
through  the  baffles,  which  are  of  the  standard  Webster  design  (see  Figure 
27-11),  comprising  a  number  of  hooked  steel  plates  interposed  in  the  course 
of  the  steam,  causing  separation  by  contact,  by  change  of  direction  and  by- 
adhesion.  The  ports  through  which  the  steam  is  guided  and  the  free 
area  through  the  baffles  are  especially  designed  to  prevent  any  considerable 
loss  of  pressure. 

After  passing  through  the  baffles,  the  steam  may  pass  to  the  heater,  or 
to  the  outlet  into  the  heating  system  or  other  apparatus  using  exliaust 
steam  or  to  the  atmosphere. 

Particularly  valuable  advantages  of  the  Webster  Preference  Cut-out 
Heater  are: 

1.  The  considerable  saving  in  piping  connections  and  additional  ap- 
paratus accomphshed  by  its  use  as  compared  with  the  Standard  Heater. 

2.  The  cut-out  valve  used  in  the  Webster  Preference  Cut-out  Healer 
is  most  rehable  for  its  purpose.  When  the  heater  is  cut  out  for  internal 
inspection  or  cleaning,  the  course  of  the  exhaust  steam  through  the  oil 
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separator  is  such  that  no  steam  is  in  contact  with  the  side  wall  of  the  heater. 
Steam  passes  through  tlie  separator  and  on  to  atmosphere  or  the  heating 
system  without  warming  up  the  heater  body  to  a  degree  that  would  endanger 
or  discomfort  the  man  who  may  have  to  enter.  A  thorough  clean-out  is 
possible  at  any  time  without  having  to  wait  until  the  whole  plant  is  shut 
down. 

3.  The  grease  and  oil  trap  too  is  not  integral  with  the  overflow  of  the 
heater,  so  that  if  its  outlet  becomes  temporarily  deranged,  oil  cannot  get 
back  into  the  heater  tlirough  the  overflow  opening. 


Fig.  27-11.     Series  900  Class  EFP  Preference  Cut-out  Type  Webster  Feed-water  Heater 


Table  27-2.    Dimensions  of  Series  200,  Class  EB,  Webster  Feed-water  Heaters 
For  working  pressure  up  to  5  lb.  per  sq.  in. 

Specifications 


Capacity 

Drawing 
no. 

Heating  trays 

Cubic  contents 

Wkg. 

pres. 

Weights,  lb. 

No. 

Horsepower  * 

Lb. 

Area 
sq.   ft. 

Ma- 
terial 

Total 
cu.  ft. 

Water 
cu.  ft. 

FUter 

Shipping 

Max. 

203 

to       400 

\N 

9247 

12  5 

24.4 

14.7 

2600 

3600 

205 

425  to       650 

9203 

16.5 

0 

40.0 

25.5 

3700 

5400 

207 

675  to      900 

^* 

9250 

24.0 

c 

60.0 

40.0 

o 

4700 

7300 

210 

925  to    1350 

■-H 

9254 

33.0 

2 

80.5 

.52.0 

s 

5700 

9000 

215 

1375  to    1850 

=  ^ 

9252 

51.6 

121.3 

80.0 

— 

t 

8000 

13100 

220 

1875  to    2400 

H  s 

9257 

63.8 

c  =■ 

152.5 

101. 0 

u 

9000 

15700 

2''5 

2425  to    3000 

9256 

82.0 

180.0 

128.1 

S 

10300 

18100 

230 

3100  to    4000 

22457 

95.7 

2W.0 

133.5 

e 
S 
o 

— 

13000 

21300 

235 

4100  to    5500 

t„  a 

13377 

121.5 

^y 

316.0 

140.0 

JZ 

1.5000 

23600 

250 

5600  to    7500 

o  ^ 

13626 

160.1 

o 

400.0 

179.0 

Q 

20000 

31400 

285 

7600  to    9500 

6  = 

22196 

201.5 

< 

182.0 

222.0 

22000 

36000 

299 

9600  to  12000 

Z 

18779 

243.0 

268.0 

25000 

41700 

*  One  rated  horsepower^=capacity  for  heating  30  lb.  of  water  per  hour  from  40  deg.  fahr. 
to  a  temperature  within  5  deg.  of  the  steam  temperature 
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All  sizes  and  dimensions  in  inches 

The  above  data  (except  weights)  apphes  also  to  Estra-he3%'y  300  Series  Class  EBH  Heaters  for 
working  pressures  up  to  10  lb.  per  sq.  in. 


Table  27-3.  Dimensions  of  400  Series  Class  EBP  Webster  Feed-water  Heaters 

For  working  pressure  up  to  5  11).  per  sq.  in. 

Specifications 


Capacity 

Drawing 
no. 

13166 
13188 
13167 
13165 
13171G 

Heating  trays 

Cubic  contents 

Filter 

Wkg. 
pres. 

Weights,  lb. 

No. 

Horsepower  * 

Lb. 
min. 

JVrea 
sq.  ft. 

Ma- 
terial 

Total 
cu.  (t. 

Water 
cu.  ft. 

Shipping 

3500 
4950 
6700 
8050 
10800 

Max. 

403 
405 
407 
410 
415 

to    400 
425  to    650 
675  to    900 
925  to  1350 
1375  to  1850 

12.5 
16.5 
24.0 
33.0 
51.6 

11^ 

24.4 
40.0 
60.0 
80.5 
121.3 

14.7 
25.5 
40  0 
.52.0 
80.0 

-a 

a 
II 

Q 

5  lb. 

por 

sq.  in. 

4500 
6650 
9300 
11.350 
15900 

*  One  rated  horsepower  =  capacity  for  heating  30  lb.  per  hour  from  40  deg.  fahr.  to  a 
temperature  within  5  deg.  of  the  steam  temperature 
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Note:    The  dimensions  and  data  above,  except  weights,  may  be  used  also  for  the  500  Series  Class  EBPU 
Extra-heavy  Pattern  Webster  Feed-water  Heaters 


Table  27-4.     Dimensions  of  900  Series  Class  EFP  Webster  Feed-water  Heaters 
For  working  pressure  up  to  10  lb.  per  sq.  in. 

Specifications 


Capacity 

Drawing 

Heating  trays 

Cubic  contents 

Filter 

Wkg. 
pres. 

Weights,  lb. 

No. 

Horsepower  * 

Lb. 
min. 

Area 
sq.  ft. 

Ma- 
terial 

Total 
cu.  ft. 

Water 
cu.   ft. 

Shipping       Mai. 

900 
901 

90132 
902 

to    90 

95  to  150 

155  to  225 

230  to  300 

No.  of  lb. 
per  niin.  = 
Yi  of  rated 
horsepower 

17198 
16837 
16724 
17203 

4.5 
5.0 
5.6 
9.0 

American 
ingot  iron 
or  copper 

7.1 

9.8 
11.6 
16.4 

4.2 

5.9 

7.3 

11.08 

-a 

as 

so 

a= 
3 

^i 

1675 
1780 
2200 
2700 

1925 
2140 
2600 
3425 

*  One  rated  horsepower  =  capacity  for  heating  30  lb.  per  hour  from  40  deg.  fahr.  to  a 
temperature  within  5  deg.  of  the  steam  temperature 


DIAGRAM   FOR   PREFERENCE   OIL   SEPARATORS 
CUSS  H  I         CLASS  C 


DIAGRAM   FOR  STANDARD   EQUIPMENT 


I  Note:- 

The  Table  ol  Dimensions 
iw  reters  lo  Healers 

I  with  Standard  Equipment. 

[.Separators  smaller  or 
larger  than  Standard  will 
be  furnished  if  desired. 
The  table  at  right  shows  s 
Preference  Oil  Separators  which 
can  be  used  with  this  type  Heater 

Fig.  27-14 


SIZE 

""per  m"*" 

DIMENSIONS 

ORIF 

Q 

R 

s 

T 

u 

3 

11 

5!4 

b\ 

TV 

6X 

oM 

■x 

t 

20 

6« 

7% 

9\ 

rx 

V4 

X 

5 

32 

7!« 

'1 

na 

d 

9 

1 

6 

»r, 

8 

11 

Ul 

■JV 

lov 

1 

,S 

80 

»« 

lihi 

11 

11 

UV 

1 

10 

l2o 

11  \' 

UH 

1!% 

il% 

11 

1 

Size 

Standard 
equipment 

900 
901 
901J^ 
902 

55  S      in  > 

4       3 
6       4 
8       4 
8       5 

It' 

i'^ 

1 
1 

®     ® 


® 


®  ,  ®     ® 


4  I    1      2  VA  H    VA 

6  I     1        21^  2  H     IH 

1     !  3  2  M  :  IM 

13  2  H\1H 


® 

® 

® 

S. 

VA 

IK 

H 

4 

I'A    iVi 

1 

4  1 

W2     IH 

1 

4 

2       \A 

1 

4 

10x16 
10x18 
10x20 
11x23 


26  23 

28  25 

28  27 

30  30 


O.C 


62 

68  }i 
72M 
79 


Dimensions 

Size 

A 

A' 

B 

C 

D 

E 

F 

G 

H 

J 
14 

K 

7>4 

L 

934 

M 

N 
3K. 

0 

57 

P 

900 

16 

18 

62 

43  >^ 

48 

20  Hi 

5514 

314 

1814 

10  >4 

8 

901 

18 

20 

681/2 

4V34 

b4fs 

23 

6P4 

3/s 

1934 

13 

9'% 

w% 

11=H 

37/^ 

6334 

9 

901}^ 

20 

20 

'23-2 

51 

b8i/R 

23 

651/, 

4y« 

19'/, 

13'/ 

9Vs 

103/ 

nv. 

474 

67  K 

9 

902 

-'2k 

22^ 

79 

bbl/2 

63^8 

2434 

715/8 

5 

21 

1334 

9y2 

1234 

12K 

5 

733^ 

10 

Table  27-5.     Diiueiisioiis  of  Series  800,  Class  EF,  Webster  Feed-water  Heaters 

For  working  pressure  up  to  10  lb.  per  sq.  in. 
Specifications 


Capacity 

Drawing 

Heating  tiays 

Cubic  contends 

Wkg. 
pres. 

Weights,  lb. 

No. 

Horsepower  * 

Lb. 

Area 
sq.  ft. 

Ma- 
terial 

Total 
cu.  ft. 

Water 
cu.  ft. 

Filter 

Shipping 

Max. 

800     \ 

to     'W 

^ 

-"_ 

0 

1T0« 

4.5 

ecu 

7.1 

4.2 

'^    . 

1125 

MOO 

801 

O.i  to  l.iO 

s_ 

16660 

5.0 

sea 

9.8 

5.9 

B    S 

11.50 

1850 

801  K> 

155  to  225 

-[ 

=  E 

16661 

5.6 

=:  •:;  ° 

11.6 

7  3 

*.2 

—  c- 

1700 

2200 

802 

230  to  300 

1  ^ 

1.   0 

16662 

9.0 

16.4 

11.08 

3 

2200 

2900 

*  One  rated  horsepower  =  capacity  for  healing  30  lb.  of  water  per  hour  from  40  deg.  fahr.  lo  a 
temperature  within  5  deg.  of  the  steam  temperature 


Connections 

No. 

®®  ®    ®  1®  ®    ® 

@    ® 

800      3    12      lH'-4  1'4  1' 

1'4       ^4 

801       4    1  252  2      Ji  I'j  1' 

1'.      34 

801H  4    13      2      3j  i'j  1", 

I'.,      84 

802       5    13      2      5,  1>4  2 

1'..      ^4 

Cold  Water  Inlet 
® 
Comb.  Vent  and 
Vacuum  Breaker 

© 


800 
801 
801J4 
802 


10x16  39^  35).^  32ya 
10x18  14  Ja  385i  35H 
10x20  48V2  42M  33H 
14x23  55H  iSH  36H 


Pil.-er 

Dimensions 

Cu. 

Th.     At.    ft.        A      A' 

BCDEFGHJKL 

M 

N      O 

C      2.0       .9   16       18 
6      2.5     1.2   18       20 
6      2.8     1.4   20       20 

6      3.6     l.S  225i  22»A 

62       43M  48       20}^  55K  Si^  18M  14         7H     95i 
68>4  47M  34H  23      61»A  3K  19^  UH     9H  lOM 
72M  51       58>-8  23       65^2  f/s  19H  17H     9H  lOK 
79       56;2  63H  24J^  71^  5       21       19Ji     9H  12W 

lOH 
IIH 

ilH 

12'/8 

3J4  5- 
3K,63H 
4K731-2 
5      74 

All  sizes  and  dimensions  in  inche 


The  Webster- Le.\  Heater  Meter:  This  apparatus  combines  the 
\Vel)ster  Feed-water  Heater  of  the  rectangular  cast-iron  type,  with  the 
Lea  \ -Notch  Recording  Meter  so  arranged  that  both  may  be  operated  in 
combination  or  eitiier  indejiendently  of  the  other. 

Besides  heating  the  boiler  feed  water  to  the  boiling  point,  this  apparatus 
indicates  the  actual  amount  of  boiler  evaporation.  Its  continuous  meter 
records  show  up  careless  or  improper  firing  methods,  leakage,  condensation 
due  to  poor  installation,  inferior  coal  and  in  other  words,  act  as  a  check  upon 
the  general  efficiency  of  the  entire  boiler  plant. 

The  charts  (Fig.  27-17)  can  be  integrated  by  means  of  a  standard 
planimeter,  and  an  integrating  attachment  giving  the  total  flow  for  any  period 
is  supplied.  The  readings  from  the  integrating  attachment  indicate  approxi- 
mately quantities  of  water  which  have  passed  over  the  weir. 


Fig.  27-16.     Topical  Web.-iter-Lea  Heater  Aleter 

Where  it  is  desired  to  liave  a  record  of  the  feed-water  temperature  on 
the  same  chart  with  the  meter  record,  a  special  attachment  can  be  fitted  to 
any  standard  instrument.  The  meter  chart  and  drum  are  made  wider  to 
provide  23^^  inches  for  temperature  caUbrations.  Tiiis  space  has  25  equal 
divisions  calibrated  in  any  specified  50  or  100-deg.  interval. 


-IT.    Typical  chart  from  a  Webster-Lea  Heater  Meter 
314 


Part  III— Addenda 

CHAPTER  XXVIII 

Miscellaneous  Useful  Information 

THE  tables  in  the  following  pages  cover  many  subjects  for  a\ liich  the 
Heating  Engineer  must  have  readily  availal)le  data.     Tliey  have  been 
selected  after  careful  consideration  and  will  be  found  reliable  and  suf- 
ficiently accurate  in  eveiy  respect  to  meet  the  requirements  of  good  practice. 
The  tables  on  any  subject  can  be  readily  located  by  reference  to  the 
back  of  the  book,  where  they  are  included  lioth  in  the  general  index  and 
the  special  index  of  tables. 


Table  28-1.    Diameters  and  Weights  of  Seamless  Brass  and  Copper  Tubes 
Iron  Pipe  Size  and  Plumber's  Size 


Iron  pipe  size 

Regular 

Extra  heavy 

Diameter,  in. 

Weight  in 
pounds  per  foot 

Iron 
pipe 
size 

Diameter,  in. 

Weight  in 
pounds  per  foot 

Outside 

Inside 

Brass 

Copper 

Outside 

Inside 

Brass 

Copper 

.405 

.281 

.246 

.259 

H" 

.405 

.205 

3.53 

.371 

.540 

.375 

.437 

.4.59 

K" 

.540 

.294 

.593 

.624 

.675 

.491 

.612 

.644 

%" 

.675 

.421 

.805 

.847 

.840 

.625 

.911 

.9.58 

V2" 

.840 

.542 

1  191 

1.2.53 

1.050 

.822 

1 .  235 

1  298 

H" 

1 .  050 

.736 

1.622 

1.706 

1.315 

1.062 

1   710 

1   829 

1" 

1.315 

.9.51 

2  386 

2. 509 

1.660 

1.368 

2  557 

2.689 

V4" 

1.660 

1 .  272 

3  291 

3.460 

1  900 

1  600 

3  037 

3  193 

■   \}/," 

1 .  900 

1 .  494 

3.986 

4.191 

2.375 

2.062 

I  017 

4 .  22  1 

■->" 

2.375 

1 .  933 

5. 508 

5.791 

2.875 

2.500 

5.830 

6.130 

21.-2" 

2.875 

2.315 

8.407 

8.839 

3.500 

3.062 

8.314 

8.741 

3" 

3. 500 

2.892 

11.24 

11.82 

4.000 

3.500 

10.85 

11  41 

W2" 

4.000 

3.358 

13.66 

14.37 

4 .  .500 

4 .  000 

12.29 

12.93 

4" 

4. 500 

3.818 

16.41 

17.25 

5.000 

4. 500 

13.71 

14.44 

W2" 

5 .  000 

4 . 2.50 

20.07 

21.10 

5 .  563 

5.062 

15.40 

16.19 

5" 

5 .  563 

4  813 

22.51 

23.67 

6.625 

6.125 

18  44 

19.39 

6;; 

6.625 

5.7.50 

31.32 

32.93 

7.625 

7.062 

23  92 

25.15 

7.625 

6.625 

41.22 

43.34 

8.625 

8  000 

30.05 

31.60 

8" 

8.625 

7.625 

47.00 

49.92 

9.625 

8.937 

.36.94 

38.84 

9" 

10.750 

10.019 

43.91 

46.17 

10" 

Plumber's  size 

.  65 1 

.521 

.4.52 

.475 

H" 

.768 

.631 

.  55  1 

..583 

H" 

.875 

.728 

.682 

.717 

Vs" 

1.000 

.836 

.871 

.916 

I" 

*  Amei 

ican  Brass  Co 

1 .  245 

1 .  060 

1 . 2.33 

1.297 

IH" 

1.508 

1.311 

1.606 

1.689 

I'A" 

1 .  756 

1.561 

1.811 

1 .  939 

m" 

2.007 

1  815 

2   123 

2.232 

Table  28*2.     Dimensions  of  Standard  Wrought-Iron  Pipe* 

Black  and  galvani/ed  for  temperatures  up  to  450  deg. 
IK-In.  nnd  smaller  proved  U>  300  lb.  per  sq.  lu  by  hydraulic  pressure 
1)^-In.  and  larger  proved  to  500  lb.  per  sq.  in.  by  hydraulic  pressure 


Nominal 
diameter 

Actual 
outside 
diameter 

Actual 

inside 

diameter 

Inside 
ference 

Outside 
ference 

Length  of 
pipe  per 

sq.  ft. 
of  inside 
surface 

Length  of 
pipe  per 

sq.  ft.  of 
outside 
surface 

Inside 
area 

Outside 

Length  of 
pipe  con- 
taining one 
cubic  foot 

Weight 
per  ft. 

In. 

In. 

0.405 
0.,';4 
0.675 
0.84 

In. 

0.270 
0.364 
0.491 
0.623 

In. 

0.848 
1.144 
1.552 
1.957 

In. 

1.272 
1.696 
2.121 
2.652 

Ft. 

14.15 

10.50 

7.67 

6.13 

Ft. 
9.44 
7.075 
5.657 
4.502 

In. 

0.0572 
0.1041 
0.1916 
0.3048 

In. 

0.129 
0  229 
0.358 
0.554 

Ft. 

2500. 

1385. 
751 . 5 
472.4 

Lb. 

0.243 

0.422 

0.561 

0.845 

H 
1 
ij-i 

IJ'2 

1 .  05 
1.315 
1.66 
1.90 

0.821 
1 .  048 
1.380 
1.611 

2, 589 
3.292 
4. 335 
5.061 

3.299 
4.134 
5.215 
5.969 

4.635 
3.679 
2.768 
2.371 

3.637 
2.903 
2.301 
2.01 

0.5333 
0.8627 
1.496 
2.038 

0,866 
1.357 
2.164 
2.835 

270. 

166.9 
96.25 
70.65 

1.126 
1.670 
2.258 
2.694 

9 

3 

3,'2 

2.375 
2.875 
3.50 
4.00 

2.067 
2.468 
3.067 
3.548 

6.494 

7.7.54 

9.636 

11.146 

7.461 
9  032 
10.996 
12.566 

1  848 
1 .  547 
1.245 
1.077 

1  611 
1,328 
1.091 
0.955 

3.355 
4,783 
7,388 
9.887 

4.  130 
6,491 
9,621 
12.566 

42,36 
30.11 
19.49 
11. 56 

3.600 
5.773 
7.547 
9  055 

4 

5 
6 

4.50 
5.00 
5.563 
6.625 

4.026 
4.508 
5 .  045 
6.065 

12.648 
14.153 
15  849 
19.054 

14.137 
15.708 
17.475 
20.813 

0.949 
0  848 
0,757 
0.63 

0.849 
0.765 
0.629 
0.577 

12.730 
15.939 
19.990 
28.889 

15.904 
19.635 
24.299 
34.471 

11,31 
9,03 
7,20 
4,98 

10.66 
12.34 
14.50 
18.767 

8 
9 
10 

7.625 
8.625 
9.625 
10.75 

7.023 
7.982 
9.001 
10.019 

22.063 
25.076 
28.277 
31.475 

23.9.54 
27.096 
30.433 
33.772 

0.544 
0.478 
0.425 
0.381 

0,505 
0.444 
0.394 
0.355 

38,737 
.50  039 
63.6.33 
78,838 

45.663 
58.426 
73.715 
90.762 

3.72 
2,88 
2,26 
1,80 

23.27 
28.177 
33.70 
40.06 

11 
12 
14 
15 

12.00 
12.75 
14.00 
15.00 

11  25 
12.000 
13.25 
14.25 

35  343 
38.264 
41.268 
41.271 

37  699 
10  810 
43  982 
47.124 

0.340 
0.313 
0.290 
0.271 

0,318 
0  293 
0  273 
0,254 

98  942 
116,535 
134. 582 
155.968 

113,097 
132,732 
153,938 
176.715 

1.4.-.5 

1 ,  235 

1  069 

.923 

45.95 
48.98 
53.92 
57.89 

16 
18 
20 

16.00 
18.00 
20.00 

15.25 
17.25 
19.25 

47.271 
53.281 
59.288 

50.265 
.56.548 
62.832 

0.254 
0,225 
0.202 

0,238 
0,212 
0.191 

177.867 
225.907 
279.720 

201.062 
254.469 
314.160 

.809 
.638 
.515 

61,77 
69,66 

77.  57 

♦Wiilworth  Manufiicturing  Company 

Table  28-3.     Standard  Pipe  Threads  (Briggs  Formula) 

I  Pcrlcct  Boilotn 

h<-Flal  Top  and  Botlom'>-* — but — *■  Pertecl  Thread  Top  and  Bonom 

b-^at-Jfit* =  =  --.: 

Taper  of  pipe  end  =  %-in.  per  ft.  =  Jj-in.  per  in.             ^     ''         '^^^^^^'^^^-S^£s/\/S/}i/^^^tx 
Depth  of  thread  (D)  =  0.8  x  no.  of  threads  per  in  j  ) j         ,_,„,„,__   '_      __S-\~       •        -^---^^nmJ 

< ■/  ^,'""''., >^2Tlirea(ls»^-f-(0.8Dii.  +  4,8)  i^^* 


—     "o   • 

___  • 

-•Sd 

(!)  g.  c  c 

_      - 

—  "o  c 

.2  S.ls 

Nomin 

insid 

diam. 

pipe,  i 

a|l 

m 

ill 

oil 

i  S  S.E 

.5t3     •'" 

ilia 

Ot3  C 

III 

,S  F  0. 

ill 

•gSs.S 

1 

27 

0.393 

0,331 

0.19 

3 

8 

3.441 

3.241 

0.95 

h 

18 

0 ,  522 

0,  133 

0,29 

31^ 

8 

3,938 

3.7.38 

1.00 

?-8 

18 

0  656 

0,568 

0.30 

1 

8 

4.434 

4  234 

1,05 

K 

14 

0  815 

0,701 

0,39 

ihl 

8 

4.931 

4,731 

1,10 

M 

14 

1 ,  025 

0  911 

0,40 

8 

5.490 

5,290 

1  16 

1 

IU2 

1   283 

1   14  1 

0,51 

6 

8 

6.516 

6  346 

1,26 

Wa. 

ll'o 

1  626 

1,488 

0.54 

7 

8 

7.540 

7,340 

1,36 

I'A 

11)^, 

1  866 

1   728 

0,55 

8 

8 

8. 534 

8,334 

1.46 

IVA 

2.339 

2,201 

0,58 

9 

8 

9.527 

9.327 

1.57 

2J4 

8 

2,819 

2  619 

0  89 

10 

8 

10,645 

10.445 

1  68 

Table  28-4.     Dimensions  of  Black  and  Galvanized  Wrought-Iron  Pipe 


1 

IK 


3 

3^ 
4 

5 
6 


Double    extra    strong 


.405 
.540 
.675 
.840 

1.050 
1.315 
1.660 
1.900 

2.375 
2.875 
3.500 
4.000 
4.500 
5 .  000 

5.5(:3 

6.625 

7.625 

8  625 

9  625 
10.7.50 

11.750 
12.7.50 
14.000 
15.000 
16.000 


.215 
.302 
.423 
.546 

.742 

.957 

1.278 

1 .  500 


.095 
.119 
.126 
.147 

.154 
.179 
.191 
.200 


1 .  939 

.218 

2.323 

.276 

2.900 

.300 

3.364 

.318 

3.826     , 

.337 

4.290 

.355 

4.813 

.375 

5.761 

.432 

6.625 
7.625 
8.625 
9.750 

10.7.50 
11.7.50 
13.000 
14.000 
15.000 


.500 
.500 
.500 
.500 

.500 
.500 
.500 
.500 
.500 


Weight 

per  foot 

Plain  ends 

Diameters 

Weight 

External 

Internal 

Plain  ends 

.314 

.535 

.738 

1.087 

.840 

.252 

.294 

1.714 

1  473 

1.050 

.434 

.308 

2.440 

2.171 

1.315 

.599 

.,358 

3.659 

2.996 

1.660 

.896 

.382 

5.214 

3.631 

1.900 

1.100 

.400 

6.408 

5.022 

2.375 

1.503 

.436 

9.029 

7.661 

2.875 

1.771 

.5,52 

13.695 

10.252 

3.500 

2.300 

.600 

18.583 

12.505 

4.000 

2  728 

.636 

22.850 

14.983 

4.500 

3.1.52 

.674 

27.541 

17.611 

5.000 

3.580 

.710 

32.530 

20.778 

5.563 

4.063 

.7.50 

38.5,52 

28.573 

6.625 

4.897 

.864 

53.160 

38.018 

7.625 

5.875 

.875 

63.079 

43.388 

8.625 

6.875 

.875 

72.424 

48.728 

54.735 

,       60.075 

65.415 

72.091 

77.431 

82,771 

Table   28-5.     Dimensions   of   Standard   Boiler   Tubes* 


External 

Internal 

Inches 

Inches 

1% 

1.560 

2 

1.810 

2iA 

2.060 

m 

2.282 

2M 

2.5.32 

3 

2.782 

3M 

3.010 

SV2 

3.260 

3M 

3.510 

4 

3.732 

4H 

4.232 

5 

4.701 

j 

Circumference        | 

thickness 

no. 

B.  Wire 

External 

Internal 

Gauge 

Inches 

Inches 

Inches 

.095 

13 

5.498 

4.901 

.095 

13 

6.283 

5.686 

.095 

13 

7.069 

6.472 

.109 

12 

7.854 

7.169 

.109 

12 

8.639 

7.955 

.109 

12 

9.425 

8.710 

.120 

11 

10.210 

9.456 

.120 

11 

10.996 

10.242 

.120 

11 

11.781 

11.027 

.134 

10 

12.566 

11.724 

.131. 

10 

14.1,37 

13.295 

.148 

9 

15.708 

14.778 

Transverse  area 


External  Internal 
Square  i  Square 
inches    '    inches    i 


Metal 
Square    i 
inches      '      Feet 


2.405 
3.142 
3.976 
4.909 
5.940 
7.069 
8.296 
9.621 
11.015 
12.566 
15.901 
19.635 


1.911 
2.573 
3.333 
4.090 
5.0.36 
6.079 
7.116 
8.347 
9.677 
10.93<) 
14.066 
17. .379 


.494 

.569 

.643 

.819 

.904 

.990 

1.180 

1.274 

1.368 

l.f>27 

1.838 

2.256 


Pounds 


1.679 
1.932 
2.186 
2.783 
3.074 
3.365 
4.011 
4.331 
4.6.52 
5.532 
6.248 
7.669 


Table  28-6.     Surface  Factors  for  Pipes 

Factors  for 

Factors  for 

Factors  for   1     Factor  for 

Factors  for 

Factors  for 

Size 

reducing  lin- 

reducing sq. 

Size 

reducing  lin- 

reducing sq. 

Size 

reducing  lin- 

reducing sq. 

of  pipe 

eal  ft.  to 

ft.  to 

of  pipe 

eal  ft.  to 

ft.  to 

of  pipe 

eal  ft.  to 

sq.  ft. 

lineal  ft. 

sq.  ft. 

lineal  ft. 

sq.  ft. 

lineal  ft. 

H 

.27 

3.64 

3 

.92 

1.09 

7 

2.00 

.50 

1 

.33 

2.90 

3J^ 

1.05 

.96 

8 

2.23 

.44 

IM 

.43 

2.30 

4 

1.19 

.85 

9 

2.50 

.40 

IM 

.50 

2.01 

4J^ 

1.31 

.76 

10 

2.85 

.36 

2 

.62 

1.61 

5 

1.61 

.63 

12 

3.33 

.30 

2y2 

.7,5 

1.33 

6 

1.75                  .58 

Tablf  28-7.     Expansion  of  Wrought-Iron  Pipe  on  the  Application  of  Heat' 


Temp,  air  when 
pipe  is  fitted 
Deg.  fahr. 


160 


Increase  in  length  in  inches  per  (oot  when  heated  to 
200  212  220  228 


240 


274 


.0128 
0102 
.  0088 
.0072 


.01  1 1 

.0101 
008« 


.016 

oi:it 

.012 
.0101 


.017 
.01  U 
.01.! 
.0111 


.0176 
.01.) 
(1136 
012 


.0182 
.01.-)7 
.0112 
.0126 


.0192 
.0166 
.01.->2 
.0136 


.0219 
.0191 
.0179 
.0163 


Coellicient: —   .0000067  per  (leg.  fahr.  » Holland  Heating  .Mam 

Table  28-8.    Heat  Units  Per  Pound  and  Weight  Per  Cubic  Foot  of  Water 
Between  32  Deg.  Fahr.  and  340  Deg.  Fahr.f 


lal 


0.00 
1.01 
2.01 
3.02 

4.03 
5.04 
6.04 
7.05 

8.05 
9.05 
10.06 
11.06 

12.06 
13.07 
14.07 
15.07 


62.42 
62  42 
62.42 
62.43 

62.43 
62.43 
62.43 
62.43 


T3 

Xu 

70 

38.06 

62.30 

108 

71 

39.06 

62.30 

109 

72 

40.05 

62.29 

110 

73 

41.05 

62.28 

111 

S--S  1     X  a 


75.95 
76  94 
77.94 
78.94 


7412  0,- fi2  27    112'  79.93 

75  i:;  II.-,  (,2  2(.    113:  80.93 

76  11  0102. 2b„  111  81.93 

77  45.0462.25    115  82.92 


61.90 
61.88 
61.86 


62  43  78  46  04  62.24  i  116  83.9261. 

62.13  79  47.04  62.23    117  84. 92161. 

62.43  80  48.03  62  22'  118;  85.9261. 

62.43  8149.0362.21    119  86.9161. 


146  113.86  61.27 

147  114.86  61.25 
148115.86  61.24 


H.S  I    5!  =■   '   ^  ; 


184151.8960.49!  222190.1 

185  152.8960.471  223)191.1 

186  153.89  60  45    224  192  1 


61.85  i  149  116.86|61.22il  187  154. 90160! 42    225  193  1 

61.83!i  1.50  117.86|61  20  188  155.9060  10  226191159  48 
61  82  151118  86'61  18  ;  189  1.56  9(1(1(1  :!l{  227  195.2.59  45 
61.80,  152  119. 86;61. 16  190  157.91  60  36  228196.259  42 
61.79    153  120.86|61.14    191  158.9li60.33j229il97.2  59.40 


59.55 
59.53 
59.50 


62.43 
62.42 
62.42 
62.42 


48  16  07  62  42 

49  17.0862.42 

50  18.08  62.42 

51  19.08  62.41 

52  20  08  62  41 

53  21.08  62  11 
51  22,08  62.  1(1 
55  23.08  62.40 


50.03 
51.02 
52.02 
53.02 


62.20 
62.19 
62.18 
62.17 


87.91 
88.91 
89.91 
90.90 


1.54  121  86161   12  I  192ll.59  9160  31  I  2.30198  2  .59. 37 

1.55  122.86  61.10    193160  91  60  29    231  199  2.59  34 
1    156  123  8661   (18    19 1  Kil   i(2  6(1  27    232  200  2.59.32 

157,124.86  61.06    195  1()2. 92  60.21  ,233  201.2  59.29 


61.71  158125.86 

61.69  159  126.86 

61.68  160|l27.86 

61.66  1611128.86 


61.04 
61.02 
61.00 
60.98 


196163.92 

197  164.93 

198  165.93 

199  166.94 


60.22 
60.19 
60.17 
60.15 


202.2 
203.2 
204.2 
205.3 


59.27 
59.24 
59.21 
59.19 


8651   01  fi2   1()    121  91   9(161.65 

87  5.5   (II  (i2    !.'>     12.')  <»2  9(161.63 

88,56.  (il,()2. 11    126  93.90  61.611  164 

89157. 00162. 13  1127  94.89i61.59    165 


162  129.8660  96    200  167  9160   12    238  206.3  59.16 


24.0862.39 
25.08:62.39 
26.08162.38 
27.08  62.37 


90.58  00  62   12 

91  5>»  (1(1  (i2  11 
>)2  6(1  (1(1  ()2  (19 
93  60.  99, ()2.  08 


163  130.86  60  91  201168  916(11(1  2.39207.3 
131.86  60  92  202,169.  95,60.  07„  210,208.3 
132.86  60.90:203  170. 95  60. 05li  241  209. 3 


128!  95  89  61.58)  166  133.  86  60  88 
129  96  89  61.56:  167)134  «(>  (id  86 
13(1    97  89  61    55  I  168  135  8(1  (1(1  81 


201  171   96  60  02 

205  172   96  fiO  (1(1 
20(1  173  ')7  5>»  '18 


.59.14 
59.11 
59.08 


61.99:62.07 


62.99 
63.98 
64.98 


62.06 
62.05 
62.04 


98  89:61.53  :  169 


99.88  61.5 
100.88  61.50 
101.88  61.49 
102.88  61.4 


60  28  08162.37      98|65.98i62  03    136103  88  61.4 

61  29.08  62.36|i    99  66  97|62.  02l:  137  101.8761.43 

62  30.08  62.36;  100  67.97  62.00!  138)105.87  61.41 

63  31.07  62.35    10168.97  61.99    139,106.87  61.40 


136.86,60.82  ,207 


137.87 
138,87 
139.87 
140.87 


60.8011  208 


60.78 
60.76 
60.73 


171.97:59.95 


242  210  3.59.05 
213  211  1  .59.03 
211  212  1  .59  00 
215213.  1  .58.97 


175.98:59.93  246:214.4 
176. 98|59. 90:  247215.4 
177. 99|59. 881)  2481216.4 
178.99  59.85    249J217. 4 


174  141.87(10.71    212  180  00  59  83  2.50  218.5  58.83 

175  142.87  6(1  69    213  181    (I    .59  80  260  228.6  58.55 

176  143.8760  67    211182  0    .59   78  270  238.8.58.26 

177  144. 88'60.65:i  215)183.0  59.75  2!i(i21't  0  57.96 


58  94 
58.91 
58.89 
58.86 


.32.07  62.35  I  102  69.96161.98  !  140ll07  87  61.  38  )  178  145.88  60.62:  216)184.0  !59.  73  '  290  259  3  57.65 

.33.0762.31    10370  966197    111108  87  6136:179  146  88  60.60    217185.0  1.59  70    300  2()9  6 .57.33 

31.0762.33    10171   96  61   95    1121098761   34    180  147  88  60  .58    218  186.1  .59  68    310  279.9  57.00 

35.07  62.33    105  72  95  61.91    143  110  87  61.33    181148  88  60.56    219  187  1  ,59.65    320  290.2.56.66 


68  36.07  62.32 

69  37.06  62.31 


73.95 
74.95 


61.93 
61.91 


144  111.87  61.31 

145  112.8661.29 


182  149.89 

183  150.89 


60.53 
60.51 


220  188.1    59.63    330i300.6 

221  189.1    59.601  340  311.0 


56.30 
55.94 


t  Steam,  Babcock  &  Wilcox  Co. 


Table  28-9.     Dimensions  of  Cast-Iron  Screwed  Fittings* 


pJ 

S  I 

J 

L 

- 

~'t- 

- 

-^■ 

- 

r 

. 

A 

^1 

1       " 

* 

A      1 

1    . 

VA- 


3  . 

s'A- 

4  . 

4H. 

5  . 

6  . 

7  . 


1^ 

2H 
3^ 
3iV 
3M 

4^ 
4i^ 
5^ 
5rl 

9H 


lA 
lA 
IH 

m 

2A 
2Ji 
2rl 

3A 

3J^ 

i'A 
^H 
5A 

6 


Extra  heavy 


2  13^ 

2>i  IJ^ 

2A  IJ-s 


3 

3}^ 

4H 

61/8 
7Ji 


11 '/i 
13?^ 


Ill 

2^ 


2fff 


3 

3A 

3M 

4 


Standard  and  extra  heavy 


3V2 

5U 

6H 
VA 

11^ 
115^ 

13ife 

ISA 

16t* 
20  U 
20  H 

241^ 


IVs 


314 
3H 

iA 

5^ 
6^ 

6Vs 
IVs 

9K 
9J4 
lOM 

12M 

13=.^ 
I6J4 
16M 
195-^ 


2H 
3H 

3^ 

35^ 
3% 
4^ 
4M 

5}^ 
5fs 
61^ 
TVs 


2A 


2=x^ 
2J^ 


3H 


Hi 


Note — ^The  above  dimensions  are  subject  to  a  slight  variation 


Tabl 

e 

28-10. 

45-Degree 

OflFset 

Connections 

^ 

i 

Pipe 

Centre 

to 
centre 

A 

Centre 
to 
face 
B 

Face  to 

face  of 

4S's 

C 

Offset 
D 

A-'^ 

'^v'n^/^ 

! 

/A. 

^ 

i^ 

i 

f\ 

^0 

2 

2^ 

3 

iVs 
■oA 

lA 

Hi 

It! 
2A 

Vi 
Ai 
Ya. 

2M 

2H 

11 

7 

3t5 

Ws 

'   1*- 

D H 

4 

4}^ 

5 

6 

7 
8 

^A 
6 

lA. 
lA 

10 

2% 
2% 
2H 
3A 

3A 

3J^ 
4}^ 

H 

1 

1 

1 
1 

m 

Pipe 
size 

Centre 

to 
centre 

A 

Centre 
to 

face 
B 

Face  to 

face  of 

45's 

C 

Offset 
D 

iA 
iA 
5A 

6A 
7A 

A 
1 

2M 
2^ 
2M 

3^8 

y% 
1 

\A 
lA 

A. 

Iff 
2S 

NOTE:  The  OiTsct  D  is  e^jual  to  the  distance  A  -=-  1.414 


Table  28-11.     Rules  for  Staiitlartl  Weight  Flanged  Fittings 

American  1913  Standard,  125-lb.  working  pressure 
Shell  thickness  in  inches 


JQ 


3 


x^ 


Size  fitting. 

Shell 

Size  fitting. 

Shell 

Size  fitting. 

Shell 

inches 

thickness 

inches 

thickness 

inches 

thickness 

2 

A 

5 

Vi 

12 

Vi 

21.; 

A 

6 

A 

14 

if 

3 

Vi 

' 

Yi 

15 

if 

^V2 

Vi 

8 

H 

16 

if 

4 

Vi 

9 

y^ 

18 

1 

W2 

V2 

10 

M 

20 

ll^ 

1.  Standard  reducing  elbows  carry  same  dimensions  center-to-face  as  regular  elbows 
of  largest  straight  size. 

2.  Standtird  tees,  crosses  and  laterals,  reducing  on  run  only,  carry  same  dimensions 
face-to-face  as  largest  straight  size. 

3.  Where  long-lmii  fittings  are  specified,  it  has  reference  only  to  elbows  which  are  made 
in  two  center-to-face  (hinensions  and  to  be  known  as  elbows  and  long-turn  elbows, 
the  latter  being  used  only  when  so  specified. 

4.  All  standard  weight  fittings  must  be  guaranteed  for  125-lb.  working  pressure,  and 
each  must  have  mark  cast  on  indicating  maker  and  guaranteed  working  steam  pressure. 

5.  Standard  weight  fittings  and  flanges  to  be  plain  faced,  and  bolt  holes  to  be  3  s  in- 
larger  in  diameter  than  bolts;  bolt  holes  to  straddle  center  lines. 

6.  Size  of  all  fittings  scheduled  indicates  inside  diameter  of  ports. 

7.  Square  head  bolts  with  hexagonal  nuts  are  generally  recommended  for  use. 

8.  Double-branch  elbows,  side-outlet  elbows  and  side-outlet  tees,  whether  straight  or 
reducing,  carry  same  dimensions  center-to-face  and  face-to-face  as  regular  tees  and  elbows. 

9.  Bull-head  tees  or  tees  increasing  on  outlet,  will  have  same  center-to-face  and  face- 
to-face  dimensions  as  a  straight  fitting  of  the  size  of  the  outlet. 

10.  Tees,  crosses  and  laterals  16-in.  and  smaller,  reducing  on  the  outlet,  use  the  same 
dimensions  as  straight  sizes  of  the  larger  port.      {Coiilinued  on  next  page) 


15  Standard,  1 

Table  2 
25-lb.  working 

8-12.     Stand 

pressure 

ard  Flanges  and  Bolts 

19 

Pipe 

Flange 

Bolts 

Bolt 

Holes 

L 

Thick- 

Size 

Bolt 

^^f^ 

-} 

P 

D 

T 

Diam. 

B.C. 

Diam. 

8 

13  H 

lys 

8 

H 

11^4 

% 

9 

15 

IH 

12 

H 

13M 

^8 

10 
12 

16 
19 

IM 

12 
12 

14^ 
17 

1 

Pipe 

Flange 

ts 

Bolt  Holes 

14 

21 

IH 

12 

1 

18% 

m 

Size 

Diam. 

No 

Size 

Size 

15 

2214 

Ws 

16 

1 

20 

m 

T 

Diam. 

B.C. 

Diam. 

16 

23y? 

i^ 

16 

1 

2114 

1^8 

18 

25 

lA 

16 

W% 

2234 

1^4 

1 

4 

T^ 

4 

tV 

3 

IK 

iy?. 

y?. 

4 

^ 

SVh 

^ 

20 

271^ 

Hi 

20 

\y? 

25 

l»4 

i-y?. 

5 

^ 

4 

y?. 

■i-y?. 

Vs 

22 

'29  y? 

Hi 

20 

1% 

27 '4 

l»/s 

2 

6 

'A 

4 

Yh 

4H 

% 

24 

32 

m 

20 

IH 

29'/? 

m 

26 

UH 

2 

24 

m 

3P4 

IH 

2'/5, 

7 

H 

4 

% 

^y?. 

y* 

3 

ly?. 

H 

4 

y. 

6 

H 

28 

■ity. 

2iV 

28 

l'4 

34 

IH 

•iy?. 

8H 

H 

4 

y« 

7 

y* 

30 

38% 

2H 

28 

\y% 

36 

ly? 

4 

9 

a 

8 

^/r 

7J4 

% 

32 

iiH 

2 '4 

28 

ly? 

38 14 

1% 

34 

4-iH 

2A 

32 

ly? 

40'/? 

i% 

*y?. 

yk 

H 

8 

H 

7H 

H 

5 

10 

H 

8 

H 

ay?. 

■'/« 

36 

46 

2H 

32 

\y? 

42»4 

l»/8 

6 

11 

1 

8 

% 

9y? 

■'/s 

38 

48^^ 

2H 

32 

IVs 

45^ 

1^4 

7 

12^2 

it^ 

8 

H 

lOM 

% 

40 

50H  \     2, '4 

36 

1% 

47M 

ly* 

Sizes  18-in.  and  larger,  reducing  on  the  outlet,  are  made  in  two  lengths,  depending  on 
the  size  of  the  outlet,  as  given  in  the  table  of  dimensions. 

11.  For  fittings  reducing  on  the  run  only,  a  long-body  pattern  will  be  used.  Y's  are 
special  and  made  to  suit  connections.  Double-branch  elbows  are  not  made  reducing  on 
the  run. 

12.  Steel  flanges,  fittings  and  valves  are  recommended  for  superheated  steam. 

13.  If  flanged  fittings  for  lower  working  pressure  than  125  lb.  are  made,  they  shall 
conform  in  all  dimensions,  except  thickness  of  shell,  to  this  standard  and  shall  have  the 
guaranteed  working  pressure  cast  on  each  fitting.  Flanges  for  these  fittings  must  be  stand- 
ard dimensions. 


Table  28-13.    Standard  Flanged  Reducing  Laterals 

1915  Standard,  125-lb.  Working  Pressure 


Reducing  lateral 


Dimensioas,  inches 


Flanges 

Thickne 


1 

_ 

_ 









4 

T6 

IH 

1J4  or  less 

8 

6Vi 

\% 

f>Y\ 

4Ji 

4 

Wt 

W2 

9 

7 

■■} 

7 

5 

A 

'     *' 

10' i 

8 

24 

8 

6 

Vb 

oi.. 

2H 

12 

9}-2 

24 

9>., 

- 

a 

3  ' 

3 

13 

10 

3 

10 

-\/^ 

K 

3'.> 

3,4 

14M 

114 

3 

114 

Wi 

a 

4 

4 

15 

12 

3 

12 

9 

ii 

Wi 

4H 

15  >  2 

124 

3 

124 

9;i 

a 

5 

5 

*     ,. 

IT 

134 

34 

134 

10 

if 

6 

6 

18 

144 

34 

144 

11 

1 

" 

7 

20^ 

164 

4 

164 

124 

lA 

8 

8 

22 

174 

44 

174 

134 

14 

9 

9 

24 

194 

44 

194 

15 

14 

10 

10 

25  J^ 

204 

5 

204 

16 

lA 

12 

12 

30   . 

244 

54 

244 

19 

IH 

14 

14 

33 

27 

6 

27 

21 

m 

15 

15 

34J^ 

284 

6 

284 

22 'i 

iH 

16 

16 

36H 

30 

64 

30 

234 

lA 

18 

9       -     •• 

26 

25 

1 

274 

25 

lA 

18 

18  to  10  inc. 

39 

32 

7 

32 

25 

lA 

20 

10  and  less 

28 

27 

1 

294 

274 

Hi 

20 

20  to  12  inc. 

43 

35 

8 

35 

274 

Hi 

22 

10  and  less 

29 

284 

4 

31}^ 

294 

IM 

22 

22  to  12  inc. 

46 

374 

84 

374 

294 

ili 

24 

12  and  less 

32 

314 

4 

344 

32 

14 

24 

24  to  14  inc. 

49^ 

404 

9 

404 

32 

14 

26 

12  and  less 

35 

35 

0 

38 

3414 

2 

26 

26  to  14  inc. 

53 

44 

9 

44 

UH 

9 

28 

14  and  less 

37 

37 

0 

40 

364 

2,^ 

28 

28  to  15  inc. 

56 

463-4 

94 

464 

364 

2A 

30 

15  and  less 

39 

39 

0 

42 

383^ 

24 

30 

30  to  16  inc 

59 

49 

10 

19 

3834 

24 

Talilc  28-14.     Standard  Flaiij;ed  Bull-Head  Reducing  Tees  and  Crosses 
1<)15  Stimdard,   li.'i-ll).  Workins  Pressure 


■J >H J > 


Reducing  cross 


'U>\ 

Reducing-on-run  branch 


Size 
Run-R  Branch  b 


Dimensions,  inches 


Flanges 
Diam.  Thickness 


1 


3 

4 

4J/2 

5 

6 

7 

8 

9 
10 
12 

14 
15 
16 
18 


3 

4 

4  J '2 

5 

6 


8  '•     " 

9  "     " 

10       "     " 

12       "     " 

14  "     " 

15  "     " 
18  to  1 1  inc. 

20  to  15  inc. 
22  to  16  inc. 
24  to  18  inc. 
26  to  20  inc. 

28  to  20  inc. 
30  to  22  inc. 
32  lo  22  inc. 
34  to  2 1  inc. 

36  to  26  inc. 
,38  to  26  inc. 
40  to  28  inc. 


3?4 

4 

43-2 

5 

6 

6?-^ 


9 
10 
11 
12 

14 

141  2 
15 
161  i 


24 
25 
26 

27 

28 
29 
30 


3^4 
4 

41/2 

5 
6 


9 
10 
11 
-12 

11 

II'.: 

15 
161; 

18 

20 


Note — .\  reduction  in  size  on 
the  run  does  not  atl'ect  the 
dimensions  but  branch  out- 
lets of  small  size  such  as  are 
listed  below  will  reduce  the 
dimensions  of  fittings  18  in. 
or  over  in  size 


12  or  les 

14  ••  ■• 

15  "  " 

16  •'  •• 
18  "  " 

18  "  " 

20  "  " 

20  '•  " 


14 

17 

14 

18 

15 

19 

16 

20 

16 

21 

18 

23 

18 

24 

19 

25 

4 

5 
6 


9H 
10 
11 

123^ 

133^ 
15 
16 
19 

21 


29H 
32 
341 4' 

36U, 
385i 

41  ?i 
4354 

46 

4884' 

503-i 


1 

IVs 

lA 

I'A 

IVs 
l^A 

Ifs 
It* 

lJ-8 


-  '4 

2A 


Table  28-15. 


Standard  Flanged  Elbows,  Crosses.  Laterals  and  Reducers 

1015  Standard,  125-lb.  Working  Pressure 


Straight  tee 


1           '    1 

!i    i|    r 

1^ 

i 

W 

r 

-A >-< A >- 

Straight  cross 


Straight  lateral 


Size 
Run-R 


Dimensions,  inches 


Flange 

Thickness 


1 

W2 

5 

154' 

-Yi 

5?4 

— 

4 

-li 

IH 

Wa. 

5J4 

8 

6ii 

— 

\y„ 

Vl 

IV2 

4 

6 

2}i 

9 

7 

— 

5 

A 

2 

41^ 

6J^ 

23-2 

10)2 

8 

— 

6 

M 

2H 

5 

7 

3 

12 

91  i 



7 

ii 

3 

W2 

-% 

3 

13 

10 

6 

-'i 

Va 

3H 

6 

W2 

3H 

141^ 

11'^ 

6}4 

8}i 

M 

4 

63^ 

9 

4 

15 

12 

' 

9 

16 

m 

7 

9J^ 

4 

15J'^ 

12.^ 

-•'A 

934 

H 

5 

71^ 

lOM 

414 

17 

\Wl 

8 

10 

M 

6 

8 

11;^ 

a 

18 

WA 

9 

11 

1 

7 

8'^ 

1254 

5,^    • 

•IW2 

163i 

10 

12' 2 

lA 

8 

9 

14 

51.5 

22 

i-y2 

11 

13}^ 

W% 

9 

10 

I5I4 

6 

24 

191^ 

11' ; 

15 

w% 

10 

11 

16"  9 

6>4 

2W2 

20H 

12 

16 

1t^ 

12 

12 

19 

73,-9 

30 

2414 

14 

19 

13<C 

14 

14 

21H 

-Vi 

33 

27 

16 

21 

1^/^ 

15 

14>4 

22M 

8 

34!^ 

28  H 

17 

223i 

W% 

16 

15 

24 

8 

36  H 

30 

18 

233^ 

lA 

18 

16J4 

26^ 

81-2 

39 

32 

19 

lA 

20 

18 

29 

91. > 

43 

35 

20 

27  }4 

IH 

22 

20 

31  >  2 

10 

16 

37  >^ 

22 

29 'o 

i-i 

24 

22 

34 

11 

491  2 

40} « 

24 

32 

w% 

26 

23 

36, 14 

13 

53 

44 

26 

34  34 

2 

28 

24 

39 

n 

56 

46 

28 

36}-^ 

2iV 

30 

25 

411., 

15 

59 

49 

30 

3834 

2}^ 

32 

26 

44 

16 

— 

— 

32 

41% 

23i 

34 

27 

46}  2 

17 

— 

— 

34 

43  ?i 

2A 

36 

28 

49 

18 





36 

46 

2J^ 

38 

29 

51  Ji 

19 

— 

— 

38 

iSK 

2^ 

40 

30 

54 

20 

— 

' 

40 

SOU 

234 

ja 


^^m 


x^ 


Table  28-16.     Rules  for  Extra-Heavy   Flaiig:etl  Fittings 

Aiuorican  1915  Standard  250-11).  Working  Pressure 
Shell  thickness  in  inches 


Size  fitting, 

Shell 

Size  fitting, 

Shell 

Size  fitting. 

Shell 

inches 

thickness 

inches 

thickness 

inches 

thickness 

■> 

5-8 

5 

H 

12 

IH 

2^ 

V% 

6 

H 

14 

lA 

3 

Vi 

7 

% 

15 

IM 

3,4 

Vs 

8 

LL 

16 

lA 

I 

'A 

9 

1 

18 

lA 

4>2 

H 

10 

ll^ 

20 

VA 

1.  Extra  heavy  reducing  elbows  carry  same  dimensions  center-to-face  as  regular  elbows 
of  largest  straight  size. 

2.  Extra  heavy  tees,  crosses  and  laterals,  reducing  on  run  only,  carry  same  dimensions 
face-to-face  as  largest  straight  size. 

3.  Where  long-turn  fittings  are  specified,  it  has  reference  only  to  elbows  which  are  made 
in  two  center-to-face  dimensions  and  to  be  known  as  elbows  and  long-turn  elbows,  the  latter 
being  used  only  when  so  specified. 

4.  Extra  heavy  fittings  must  be  guaranteed  for  250-lb.  working  pressure,  and  each 
fitting  must  have  some  mark  cast  on  it  indicating  the  maker  and  guaranteed  working  steam 
pressure. 

5.  All  extra  heavy  fittings  and  flanges  to  have  a  raised  surface  xs  in-  high  inside  of  bolt 
holes  for  gaskets.  Thickness  of  flanges  and  center-to-face  dimensions  of  fittings  include  this 
raised  surface.  Bolt  holes  to  be  }  g  in.  larger  in  diameter  than  bolts.  Bolt  holes  to  straddle 
center  lines.      (Conlirnied  on  next  page.) 


Table  28-17.     Extra-Heavy  Pipe  Flanges  and  Bolts 
1915  Standard,  250-lb.  Working  Pressure 


^T|*- 

Pipe 
Size 

Flange 

Bolts 

Bolt 

holes 

m2 

Vi  1 1 

7 

Diam. 

Thick- 

No. 

Size 

Bolt 
circle 

Bolt 

i] 

P 

D 

T 

B.C. 

^^^^^^4-^-1- 

8 

15 

I A 

12 

A 

13 

1 

9 

1(>H 

i'H 

12 

1 

14 

14 

10 
12 

20,4 

I A 

16 

I 

15K 

14 

Pipe 

Flange 

Bolts 

Bolt 

iioles 

16 

14 

14 

23 

2H 

20 

IVa 

20M 

114 

Si:e 

Diam. 

Bolt 

15 

244 

2A 

20 

IH 

214 

iA 

P 

D 

T 

B.C. 

16 

25}^ 

2H 

20 

14 

224 

VA 

18 

284 

•2% 

24 

IK 

24H 

I A 

1 

4H 

u 

4 

H 

3 '4 

A 

1'4 

5 

H 

4 

y?. 

3% 

A 

20 

304 

-m. 

24 

IJ^ 

27 

14 

1'/, 

6 

H 

4 

% 

4'/? 

M 

22 

33 

•■iA 

24 

14 

294 

I A 

9 

64 

'/« 

4 

% 

5 

K 

24 

36 

2H 

24 

I A 

32 

VH 

26 

38  i4 

2H 

28 

IVs 

344 

v% 

2H 

7H 

1 

4 

H 

5% 

A 

3 

8(4 

m 

8 

H 

bA 

A 

28 

40^4 

2|* 

28 

IVs 

37 

i-H 

3'/, 

9 

lA 

8 

H 

1% 

A 

30 

43 

3 

28 

1^4 

394 

14 

4 

10 

H4 

8 

H 

T'/h 

A 

32 

45 '4 

34 

28 

14 

414 

9 

34 

47  4 

3i4 

28 

14 

434 

2 

4J4 

10  H 

lA 

8 

% 

»y?. 

A 

5 

11 

1% 

8 

% 

9K 

A 

36 

50 

•AH 

32 

14 

46 

2 

6 

12 14 

lA 

12 

% 

10^ 

A 

38 

5214 

3A 

32 

14 

48 

2 

7 

14 

1^2 

12 

A 

^A 

1 

40 

54>4 

3A 

36 

i-A 

hOK 

2 

6.  Size  of  all  fittings  scheduled  indicates  inside  diameter  of  ports. 

7.  Scjuare  head  bolts  with  hexagonal  nuts  are  generally  recommended  for  use. 

8.  Double  branch  elbows,  side  outlet  elbows  and  side  outlet  tees,  whether  straight  or 
reducing  sizes,  carry  same  dimensions  center-to-face  and  face-to-face  as  regular  tees  and 
elbows. 

9.  Bull-head  tees  or  tees  increasing  on  outlet,  will  have  same  center-to-face  and  face-to- 
face  dimensions  as  a  straight  fitting  of  the  size  of  the  outlet. 

10.  Tees,  crosses  and  laterals  16-in.  and  smaller,  reducing  on  the  outlet,  use  the  same 
dimensions  as  straight  size  of  the  larger  port.  Sizes  18  in.  and  larger,  reducing  on  the  outlet, 
are  made  in  two  lengths,  depending  on  the  size  of  the  outlet  as  given  in  the  table  of  dimen- 
sions. 

11.  For  fittings  reducing  on  the  run  only  a  long  body  pattern  will  be  used.  Y's  are 
special  and  made  to  suit  connections.  Double  branch  elbows  are  not  made  reducing  on  the 
run. 

12.  Steel  flanges,  fittings  and  valves  are  recommended  for  superheated  steam. 

Table  28-18.     Extra-Heavy  Flanged  Reducing  Laterals 

l'>15  .Standard,  2.iO-lb.  Working  Pressure 


Reducing  lateral 


Dimensions,  inches 


Flanges 

Thickness 


1 









— 

44 

"H 

1'4 

1J4  and  less 

9M 

7J-4' 

2'.4 

74 

5 

% 

I'A 

IM     " 

" 

11 

8,4 

24 

84 

6 

H 

2 

2        " 

" 

llj'2 

9 

24 

9 

64 

4 

iVi 

2'o     " 

13 

104 

24 

104 

74 

1 

.3 

,■! 

14 

11 

3 

11 

84 

14 

3,1^ 

SVc.     " 

" 

151 2 

124 

3 

1214 

9 

lA 

4 

4 

16' 2 

134 

3 

134 

10 

I3i 

41^ 

4I2     •' 

18 

144 

34 

144 

104 

\h 

T> 

5 

181^ 

15 

34 

15 

11 

W^ 

6 

6 

21 J-^ 

174 

4 

174 

124 

lA 

■2ZV, 

19 

44 

19 

14 

14 

8 

8 

•' 

251^ 

204 

5 

204 

15 

14 

<) 

9 

271^ 

224 

3 

224 

16M 

Wa. 

10 

10 

29.4 

24 

54 

24 

174 

14 

12 

12 

33  J^ 

274 

6 

274 

204 

2 

14 

14 

37  H 

31 

64 

31 

23 

24 

15 

15 

3914 

33 

64 

33 

244 

2A 

16 

16 

42 

344 

74 

344 

254 

24 

18 

9 

34 

31 

3 

324 

28 

25-^ 

18 

16  to  10 

inc. 

45}^ 

374 

8 

374 

28 

W% 

i;o 

10  and  less 

37 

34 

3 

36 

304 

24 

20 

18  to  12 

inc. 

49 

404 

84 

404 

304 

24 

22 

10  and  less 

40 

37 

3 

39 

33 

2^8 

o.^ 

20  to  12 

inc. 

53 

434 

94 

43;^ 

33 

25^ 

24 

12  and  1 

^ss 

44 

41 

3 

43 

36 

284 

24 

22  to  1 1 

inc. 

5:i<; 

471^, 

10 

474 

36 

2^4 

Tabic  28-19.     Flxtra-Heavy  Flaii<rp<l  Bull-Head  Reducing  Tees  and  Crosses 
1915  Standard,  230-lb.  Working  Pressure 


l-< — ^j — >J< — J — >) 


^ 


\<b>\ 

Reducing  tee 


Reducing-on-run  tee 


Bull-head  tee 


Reducing-on-run  and  branch  tee 


Reducing'On-run  and  branch  cross 


Dimensions,  inches 


Flanges 

Thickness 


1 

- 

— 

_ 

44 

a 

IH 

1 

or  less 

iH 

434 

a 

H 

VA 

m 

Wt 

4H 

6 

H 

2 

IH 

5 

5 

64 

% 

214 

2 

..     .. 

5}^ 

5,4 

71^ 

1 

3 

2y, 

6 

6 

84 

14 

S'A 

3 

"     ** 

6'i 

6'^ 

9 

lA 

4 

W2 

7 

Note — .\  reduction  in 

ize  on 

10 

134 

the  run   does 

not   affect   the 

^2 

4 

714 

"Vi 

dimensions  but   branch   out- 

104 

lA 

5 

4J^ 

8 

8 

lets  of  smaller 

size  than 

those 

11 

1?^ 

6 

5 

"     " 

84 

8>.^ 

listed   below  will  reduce  the 

121^ 

li% 

7 

6 

9 

9 

dimensions  of 
or  over  in  size 

liftings 

18  in. 

11 

VA 

8 

7 

10 

10 

15 

1% 

9 

8 

10  >  9 

10  4 

1614 

m 

10 

9 

*'     ** 

111; 

114 

17H 

VA 

12 

10 

13 

13 

203^ 

2 

11 

12 

15 

15 

23 

24 

IS 

11 

15 '4 

\r>V<, 

Branch 

J 

K 

214 

2A 

16 

1.1 

16' 2 

161  !i 

254 

2,4 

18 

18  to 

1  1  inc 

18 

18 

12  or  less 

11 

IT 

28 

2?^ 

20 

20  to  1..  iiir 

191.; 

19'.; 

14  "     '• 

151  i 

18'., 

30,4 

23^ 

22 

22  to 

16  inc 

201., 

2014 

15  "     " 

161.; 

20 

33 

2% 

21 

21  to 

18  inc 

22  U, 

224 

16  "     " 

17 

211', 

36 

2% 

26 

26  to 

20  inc 

24 

24 

18  "     " 

19 

23 

38,4 

2H 

28 

28  to 

20  in.- 

26 

26 

18  "    " 

19 

24 

40'i 

2H 

30 

30  to 

22  inc 

27  ■  ^j 

274 

20  "     " 

204 

254 

43 

3 

32 

32  to 

22  inc 

29 

29 

20  "     " 

204 

264 

4514 

34 

3t 

31  to 

2  line 

304 

SOA 

22  "     " 

28 

471^ 

3M 

36 

36  to 

26  inc 

3214 

324 

21  "     " 

234 

29  lo 

50 

Z% 

38 

38  to 

26  inc 

34 

31 

21  "     " 

234 

301^, 

524 

3i^ 

40 

10  to 

28  inc 

353^ 

35,4 

26  "     " 

314' 

514 

3A 

Table  28-20.     Extra-Hea\->-  Flanged  Elbows,  Crosse?,  Laterals  and  Reducers 

1915  Stand:inl,  2.')0-lb.  Working  Pressure 


Double-branch 
elbow 


TjpJ 


< A >^ A 

< 

k-R->i  \ 
Straight  lateral 


Size 
Run-R 


Dimensions,  inches 


Flange 
Diam.  Thickness 


1 

4 

5 

2 

8M 

6 1-2 

— 

4I2 

H 

IM 

4M 

^Yi 

2V2 

9H 

714 

— 

0 

Va. 

VA 

4H 

6 

2% 

11 

8K 

— 

6 

% 

•2 

5 

f>V2 

3 

UK' 

9 

— 

6 14 

% 

■2y2 

5J^ 

7 

3J4 

13 

1014 

— 

71-^ 

1 

3 

6 

7?4' 

W2 

14 

11 

6 

8 14 

11-^ 

3^ 

(>Vo 

8}^ 

4 

151^ 

123^ 

61/2 

9 

itV 

4 

~' 

9 

4H 

16M 

1314 

I 

10 

1'4 

4H 

7H 

9J4 

iVi 

18 

141., 

71  0 

lOi-i 

1t% 

5 

8 

10^ 

5 

181-3 

15 

8 

11 

1*8 

6 

8H 

\iy2 

5;-^ 

211-2 

17 '-2 

q 

121-^ 

lA 

7 

9 

12M 

6 

231  2 

19 

10 

14 

114 

8 

10 

14 

6 

2514 

2014 

11 

15 

\H 

9 

\W2 

1514 

6><5 

271-2 

22  lo 

iii-i 

I614 

1% 

10 

iWi 

16H 

7 

294 

24 

12 

17  K2 

VA 

12 

13 

19 

8 

331  2 

14 

201-2 

14 

15 

21 M 

8}  2 

371. 

31 

1() 

23 

■2H 

15 

1514 

223^ 

9 

39 11 

33 

17 

211., 

2A 

16 

16^ 

24 

91. i 

42 

34!  2 

18 

251  2 

214 

18 

18 

26^ 

10 

45 '2 

37i.i 

19 

28 

2?^ 

20 

19}^ 

29 

im.; 

49 

401.; 

20 

301  2 

2J^ 

22 

20^ 

31J4 

11 

53 

431^ 

22 

33 

2H 

24 

22  >g 

34 

12 

571-2 

47^2 

24 

36 

■2% 

26 

24 

36  J^ 

13 

— 

26 

381 4 

21* 

28 

26 

39 

14 





28 

403^ 

OiA 

30 

27  J4 

4114 

15 

— 

— 

30 

43 

3 

32 

29 

44 

16 

— 

— 

32 

45  li 

3H 

34 

30H 

46  >4 

17 

— 

— 

34 

471  2 

314 

36 

32^ 

49 

18 



_ 

36 

50 

3?^ 

38 

34 

51}^ 

19 

— 

— 

38 

52  Ji 

3A 

40 

35H 

54 

20 

— 

— 

40 

54H 

3^ 

Table  28-21.     Pr(>i)crties  of  Saturated  Steam 

Hcproduced   l)\   iitrmission  from   Miirks  jiiid   Davis   Sieiuii   Tables  oiul  Diai/ruins.    Copyriphl,  1909,  by 

l^)iif;iii:ins,  Grei-n  &  Co. 


Pressure,  lb. 
absolute 

Temperature, 
deg.  fahr. 

Specific  volume, 
cu.  ft.  per  lb. 

Heat  of  the 
liquid,  B.t.u. 

Latent  heat  of 
evap.,  B.t.u. 

Total  heat  of 
steam,  B.t.u. 

Pressure,  lb. 
absolute 

1 

3 
4 

101.83 
126.15 
141. 52 
153.01 

333.0 
173.5 
118.5 
90.5 

69.8 

94.0 
109.4 
120.9 

1034.6 
1021.0 
1012.3 
1005.7 

1104.4 
1115.0 
1121.6 
1126.5 

1 

2 
3 
4 

5 
6 
7 
8 

162.28 
170.06 
176.85 
182.86 

73.33 
61.89 
53.56 

47.27 

130.1 
137.9 
144.7 
150  8 

1000.3 
995.8 
991.8 
988.2 

11,30.5 
1133.7 
1136.5 
11.39.0 

5 
6 

7 
8 

9 
10 
11 
12 

188.27 
193.22 
197.75 
201.96 

42.36 
38.38 
35.10 
32.36 

156.2 
161.1 
165.7 
169.9 

985.0 
982  0 
979.2 
976.6 

IMl  1 
1143  1 
1144.9 
1146.5 

9 
10 
11 
12 

13 
14 

14  7 
15 

205.87 
209. 55 
212.0 
213.0 

30.03 
28.02 
26  79 

26.27 

173.8 
177.5 
180  0 
181.0 

974.2 
971  9 
970    1 
969  7 

1118.0 
1149.4 
1150   1 
1150.7 

13 
14 

117 
15 

16 
17 
18 
19 

216.3 
219.4 

222.4 
225.2 

24.79 
23.38 
22  16 
21  07 

184.4 
187.5 
190.5 
193.4 

967.6 
965.6 
963.7 
961.8 

1152.0 
11.53.1 
11.54.2 
11.55.2 

16 
17 
18 
19 

20 
22 
24 
26 

228  0 
233.1 
237.8 

242.2 

20  08 
18  37 
16  93 
15  72 

196.1 

201  3 
206   1 
210  6 

960.0 
956.7 
953.5 
950.6 

1156.2 
11.58.0 
11.59.6 
1161.2 

20 
22 
24 
26 

28 
30 
32 
34 

246.4 
250.3 
254.1 
257.6 

14.67 
13  74 
12  93 
12.22 

214  8 
218.8 
222.6 
226.2 

947.8 
945.1 
942  5 
940.1 

1162.6 
1163.9 
1165.1 
1166.3 

28 
30 
32 
34 

36 
38 

40 
42 

261.0 
264.2 
267.3 
270.2 

11.58 
11.01 
10.49 
10.02 

229.6 
232.9 
236.1 
239.1 

937.7 
935.5 
933.3 
931.2 

1167.3 
1168.4 
1169.4 
1170  3 

36 
38 

40 
42 

44 
46 
48 
50 

273.1 
275.8 
278.5 
281.0 

9.59 
9.20 
8.84 
8.51 

242.0 
244.8 
247.5 
250.1 

929.2 
927.2 
925.3 
923.5 

1171.2 
1172.0 
1172.8 
1173.6 

44 
46 
48 

50 

52 
54 
56 
58 

283.5 
285.9 
288.2 
290.5 

8.20 
7.91 
7.65 
7.40 

252.6 
255.1 
257.5 
259.8 

921.7 
919  9 
918.2 
916.5 

1174.3 
1175.0 
1175.7 
1176.4 

52 
54 
56 
58 

60 
62 
64 
66 

292.7 
294.9 
297.0 
299.0 

7.17 
6.95 
6.75 
6.56 

262.1 
264.3 
266.4 
268.5 

914.9 
913.3 
911.8 
910.2 

1177.0 
1177.6 
1178.2 
1178.8 

60 
62 
64 
66 

68 

70 

72 
74 

301.0 
302.9 
304.8- 
306.7 

6.38 
6.20 
6.04 
5.89 

270.6 
272.6 
274.5 
276.5 

908.7 
907.2 
905.8 
904.4 

1179.3 
1179.8 
1180.4 
1180  9 

68 

70 

74 

76 
78 
80 

308.5 
310.3 
312.0 

5.74 
5.60 
5.47 

278.3 
280.2 
282.0 

903.0 
901.7 
900.3 

1181.4 
1181.8 
1182.3 

76 
78 
80 

Table  28-21.    Properties  of  Saturated  Steam — Continued 


Pressure,  lb.         Temperature,         Specific  volume.  Heat  of  the  Latent  heat  of  Total  heat  of 

absolute  deg.  fahr.  cu.  ft.  per  lb.  liquid,  b.t.u.  evap.,  b.t.u.  steam,  b.t.u. 


82 

313.8 

5.34 

283.8 

899.0 

1182.8 

82 

84 

315.4 

5.22 

285.5 

897.7 

1183.2 

84 

86 

317.1 

5.10 

287.2 

896.4 

1183.6 

86 

88 

318.7 

5.00 

288.9 

895.2 

1184.0 

88 

90 

320.3 

4.89 

290.5 

893.9 

1184.4 

90 

92 

321.8 

4.79 

292.1 

892.7 

1184.8 

92 

94 

323.4 

4.69 

293.7 

891.5 

1185.2 

94 

96 

324.9 

4.60 

295.3 

890.3 

1185.6 

96 

98 

326.4 

4.51 

296.8 

889.2 

1186.0 

98 

100 

327.8 

4.429 

298.3 

888.0 

1186.3 

100 

105 

331.4 

4.230 

302.0 

885.2 

1187.2 

105 

110 

334.8 

4.047 

305.5 

882.5 

1188.0 

110 

115 

338.1 

3.880 

309.0 

879.8 

1188.8 

115 

120 

341.3 

3.726 

312.3 

877.2 

1189  6 

120 

125 

344.4 

3.583 

315.5 

874.7 

1190.3 

125 

130 

347.4 

3.452 

318.6 

872.3 

1191.0 

130 

135 

350.3 

3.331 

321.7 

869.9 

1191.6 

135 

140 

353.1 

3.219 

324.6 

867.6 

1192.2 

140 

145 

355.8 

3.112 

327.4 

865.4 

1192.8 

145 

150 

358.5 

3.012 

330.2 

863.2 

1193.4 

150 

155 

361.0 

2.920 

332  9 

861  0 

1194.0 

155 

160 

363.6 

2.834 

335.6  . 

858  8 

1194.5 

160 

165 

366.0 

2.753 

338.2 

8.56.8 

1195.0 

165 

170 

368.5 

2.675 

340.7 

854.7 

1195.4 

170 

175 

370.8 

2.602 

343.2 

852.7 

1195.9 

175 

180 

373  1 

2.533 

345.6 

850  8 

1196.4 

180 

185 

375.4 

2.468 

348.0 

848  8 

.  119D.8 

185 

190 

377.6 

2.406 

350.4 

846.9 

1197.3 

190 

195 

379.8 

2.346 

352.7 

845.0 

1197.7 

195 

200 

381.9 

2.290 

354.9 

843.2 

1198.1 

200 

205 

384.0 

2.237 

357.1 

841.4 

1198.5 

205 

210 

386.0 

2.187 

359.2 

839.6 

1198.8 

210 

215 

388.0 

2.138 

361.4 

837.9 

1199.2 

215 

220 

389.9 

2.091 

363.4 

836.2 

1199.6 

220 

225 

391.9 

2.046 

365.5 

834.4 

1199.9 

225 

230 

393.8 

2.004 

367.5 

832.8 

1200.2 

230 

235 

395.6 

1.964 

369.4 

831.1 

1200.6 

235 

240 

397.4 

1  921 

371.4 

829.5 

1200.9 

240 

245 

399  3 

1.887 

373.3 

827.9 

1201.2 

245 

250 

401.1 

1 .  850 

375.2 

826  3 

1201.5 

250 

Table  28-22.    Indicated  Horsepower  of  an  Engine 

A  =  area  of  the  piston  in  square  inches.  P  =  niean  effective  pressure  of  the  steam  on  the  piston, 
lb.  per  sq.  in.  L  =  length  of  stroke  in  ft.  N=numb('r  of  working  strokes  per  niin.=  2  X  r.  p.  m.  for 
double-acting  cvlinder. 

PL.\N 

Then    i.hp.  = 

33,000 

The  mean  pressure  in  the  cylinder  of  a  non-condensing  engine  when  cutting  off  at 

J4  stroke  =  boiler  pressure  multiplied  by  .597  J^  stroke  =  boiler  pressure  niulti[)lied  by  .919 

i/^      "       =  ••             ■•               '•            "  .670  %      "       =  •■             ■'                  ■•  '•  .937 

%      "       =  •■             "               '■            ••  .743  3^      "       =  "             '•                  "  "  .966 

1^      "       =  •'             ••               ••            "  .847  T/g      "       =  ■■             "                  •'  •■  .992 
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Table  28-23.    Diineiisions  of  Horizontal  Return  Tubul.nr  Boilers* 
Corresponding  to  Aui.  Soc.  M.  E.  Standards 


Horse 

j 
Heat- 
ing 

SheU 

Tubes 

power 

face 

Sq.  ft. 

Dia. 

Lgth 

No. 

Dia. 

In. 

Feet 

J 

In. 

31 

370 

42 

12 

34 

3 

36 

430 

42 

11 

34 

3 

39 

470 

48 

12 

44 

3 

36 

430 

48 

12 

34 

••!}'2 

30 

360 

48 

12 

24 

4 

15 

510 

18 

11 

44 

3 

42 

500 

18 

11 

31 

3H 

35 

420 

48 

11 

24 

4 

52 

620 

48 

16 

44 

3 

48 

570 

48 

16 

34 

3H 

40 

480 

48 

16 

24 

4 

47 

560 

54 

12 

54 

3 

45 

540 

54 

12 

44 

V-, 

43 

510 

54 

12 

36 

1 

55 

660 

54 

14 

54 

3 

53 

630 

54 

11 

44 

3,1-2 

50 

600 

54 

11 

36 

4 

63 

750 

54 

16 

54 

3 

60 

720 

54 

16 

44 

■i}4 

58 

700 

54 

16 

36 

4 

85 

1021 

60 

16 

76 

3 

73 

872 

60 

16 

54 

3,4 

68 

822 

60 

16 

44 

4 

96 

1147 

60 

18 

76, 

3 

82 

980 

60 

18 

54 

3H 

924 

60 

18 

44 

4 

111 

1338 

66 

16 

102 

3 

95 

1132 

66 

16 

72 

3,V2 

83 

993 

66 

16 

51 

4 

125 

1501 

66 

18 

102 

3 

106 

1272 

66 

18 

72 

3,4 

93 

1116 

66 

18 

54 

4 

136 

1632 

72 

16 

126 

3 

123 

1474 

72 

16 

96 

■ihi 

107 

1289 

72 

16 

72 

4 

153 

1834 

72 

18 

126 

3 

138 

1657 

72 

18 

96 

34 

120 

1448 

72 

18 

72 

4 

169 

2037 

72 

20 

126 

3 

153 

1839 

72 

20 

96 

3,4 

131 

1608 

72 

20 

72 

4 

178 

2139 

78 

18 

118 

3 

167 

2001 

78 

18 

118 

34 

115 

1745 

78 

18 

88 

4 

197 

2375 

78 

20 

148 

3 

186 

2232 

78 

20 

118 

3 'A 

161 

1938 

78 

20 

88 

4 

THICKNESS  OF  SHELLS  AND  HEADS 


12    a 

14 

11 


Double  Butt. 
Double  Butt. 
Double  Bull. 
Double  Butt. 

Double  Butt. 
Double  Bull. 
Double  Bull. 
Double  Butt. 

Double  Butt. 

Double  Bull. 

Double  Bull. 

Triple  Bull. 

Triple  Butt. 
Triple  Butt. 
Triple  Butt. 
Triple  Butt. 

Triple  Butt. 
Triple  Butt. 
Triple  Bull. 
Triple  Butt. 

Quad  Bull. 
Quad  Butt. 
Quad  Butt. 
Quad  Butt. 

Quad  Butt. 
Quad  Butt. 
Quad  Bull. 
Quad  Butt. 

Quad  Butt. 
Quad  Butt. 
Quad  Butt. 
Quad  Butt. 

Quad  Butt. 
Quad  Butt. 
Quad  Butt. 
Quad  Butt. 

Quad  Butt. 
Quad  Butt. 
Quad  Butt. 
Quad  Butt. 

Quad  Butt. 
Quad  Butt. 
Quad  Butt. 
Quad  Butt. 


5  s  ,  Quad  Butt. 
^s  Quad  Butt. 
%       Quad  Butt. 


ISO-Lb. 
working  pressure 


TJ 


Long 
joint 


Trip 
Tripl 
Trip! 
Tripl 

Tripl 
Tripl 
Tripl 
Tripl 

Trip 
Tripl 
Trip 
Trip 

Tripl 
Tripl 
Tripl 
Tripl 

Tripl 
Tripl 
Tripl 
Tripl 


e  Butt. 

Butt. 

e  Butt. 

e  Butt. 

Butt, 
e  Butt. 

Butt, 
e  Butt. 

e  Butt. 

Butt. 

e  Butt. 

e  Butt. 

e  Butt, 
e  Butt. 
e  Butt, 
e  Butt. 

e  Butt, 
e  Butt, 
e  Butt, 
e  Butt. 


Quad  Butt. 
Quad  Butt. 
Quad  Butt. 
Quad  Butt. 

Quad  Butt. 
Quad  Butt. 
Quad  Butt. 
Quad  Butt. 

Quad  Butt. 
Quad  Butt. 
Quad  Butt. 
Quad  Butt. 

Quad  Butt. 
Quad  Butt. 
Quad  Butt. 
Quad  Butt. 

Quad  Butt. 
Quad  Butt. 
Quad  Butt. 
Quad  Butt. 

Quad  Butt. 
Quad  Butt. 
Quad  Butt. 
t)uad  Butt. 

Quad  Butt. 
Quad  Butt. 
Quad  Butt. 


1 

si 

5.1 

4 
4 

1 
1 

4 

1 

4 
I 
4 
4 

1 

1 
1 
1 

4 
4 
4 
4 

1 

1 
1 

IM 

4 

4 
4 
4 

1J4 

4 
4 
4 
4 

1J4 

5 
5 
5 

W2 

14 
IH 

5 
5 
6 
6 

14 

14 

6 
6 
6 
6 

2 
2 
2 

6 
6 
6 
6 

2 

6 
6 
6 
6 

2 
2 

2 

6 

7 
7 

2 

2 

2 

7 

2 
2 

■iX2 

2M 
24 

24 

24 


24 


24 

24 
24 
24 
24 

24 
24 

2>-o 
24 


24 


2>12 

24 
24 


*Coatesville  Boiler  Works,  Philadelphia,  Pa. 

+For  heating  boilers,  a  boiler  horsepower  is  assumed  in  this  table  to  be  equivalent  to  12  sq.  ft.  of  heating  surface 
tA  boiler  of  48-in.  diameter  and  larger  has  a  manhole  in  the  front  head  below  the  tubes  in  addition  to  the  regular  manhole 
I  the  upper  part  of  the  shell  or  front  head 
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Table  28-24.     Properties  of  Air 


Temper- 
ature, 
deg. 
fahr. 

Vol. 
of  dry 

with 
unity 
at  32 
deg. 
fahr. 

Cubic 
feet 
per 
lb.  of 

Weight 

per  cu. 

ft.  of 

dry 

in  lb. 

Elastic 

force 

of 

vapor  in 
.n.  of 

1         cury 

Cubic 
feet 
of 

vapor 

from  1 
lb.  of 

water 

Zero 

0.935 

11.58 

0.0864 

0.044 

12 

0.960 

11  87 

0.0842 

0.074 

99 

0.980 

12.14 

0.0824 

0.118 

32 

1.000 

12.40 

0.0807 

0.181 

3289 

42 

1  020 

12.64 

0.0791 

0.267 

2252 

52 

1.041 

12  88 

0.0776 

0.388 

1.595 

60 

1.057 

12.39 

0.0764 

0.522 

1227 

62 

1.061 

13.13 

0.0761 

0.556 

1135 

70 

1 .  078 

13.34 

0.0750 

0.7.54 

882 

72 

1   082 

13.39 

0.0747 

0.785 

819 

82 

1.102 

13.64 

0.0733 

1.092 

600 

92 

1.122 

13.90 

0.0720 

1.501 

444 

100 

1.139 

13.95 

0.0710 

1.929 

356 

102 

1.143 

14.14 

0.0707 

2.036 

334 

112 

1.163 

14.40 

0.0694 

2.731 

253 

122 

1  184 

14.65 

0.0682 

3.621 

194 

132 

1.204 

14.90 

0.0671 

4.752 

151 

142 

1.224 

15.15 

0.0660 

6.165 

118 

152 

1.245 

15.40 

0.0649 

7.930 

93.3 

162 

1.265 

15.65 

0.0638 

10.099 

71.. 5 

172 

1.285 

15.90 

0  0628 

12.758 

■   59  2 

182 

1.306 

16.17 

0,0618 

15.960 

48.6 

192 

1 .  326 

16.42 

0.0609 

19.828 

39,8 

202 

1.347 

16.67 

0.0600 

24.450 

32.7 

212 

1.367 

16.92 

0.0591 

29.921 

27.1 

B.t.u.  ab- 
sorbed per 
cu.  ft.  of  air 
per  deg.  fahr. 


Cu.  ft.  of 

air  raised  I 

deg.  fahr.  by  1 


0  020,16 

0  (120(11 
O.OUK)! 
0,01921 

0,01882 
0  01847 
0,01818 
0.01811 

0.01777 
0,01767 
0,01741 
0  01710 

0  01690 
0.01682 
0.01651 
0.01623 

0.01596 
0.01571 
0.01544 
0.01518 

0  01491 
0.01471 
0  01149 
0  01426 

0.01406 


0  n20.->  I 

(I  (12006 
0  01 1)63 
0,01924 

0  01881 
0  01818 
0.01822 
0.01812 

0,01794 
0  01790 
0.01770 
0,01751 

0,01735 
0  01731 
0,01711 
0,01691 

0,01670 
0,01652 
0,01631 
0.01616 

0.01.598 
0.01.580 


48.5 

50.1 

51.1 

52.0 

53.2 

54.0 

55.0 

55.2 

56.3 

56.5 

57.2 

58.5 

59.1 

59.5 

60.6 

61.7 

62.5 

63.7 

65.0 

66.2 

67.1 

68.0 

68.9 

69.5 

71.4 

48.7 
50.0 
51.0 
51.8 


53.8 
54.6 
51.7 


55.8 
56.5 
57.1 

57.8 
57.8 
58.5 
59.1 


Table  28-2.5.     Volume  and  W  eigbt  of  Air  at  Atmospheric  Pressure  at 
Temperatures  Between  212  and  850  Deg.  Fahr. 


Volume  of 

Temperature, 

Temperature, 

Weight  one 

Temperature, 

degrees 

in 

cubic  foot 

degrees 

in 

degrees 

in 

cubic  foot 

fahrenheit 

cubic  feet 

in  pounds 

fahrenheit 

cubic  feet 

in  pounds 

fahrenheit 

cubic  feet 

in  pounds 

212 

16  925 

. 059084 

320 

19.647 

.050898 

550 

25.444 

.039302 

220 

17,127 

. 058388 

310 

20.151 

. 049625 

575 

26.074 

.0383,52 

230 

17  379 

,057511 

360 

20,655 

, 048414 

600 

26,704 

. 037448 

240 

17,631 

,0.56718 

380 

21.159 

. 047261 

650 

27.964 

. 035760 

250 

17.883 

.  05.5919 

400 

21.663 

. 046162 

700 

29.224 

.034219 

260 

18,1.35 

.055142 

425 

22.293 

. 044857 

750 

30.484 

. 032804 

270 

18,387 

. 054386 

450 

22.923 

.043624 

800 

31.744 

.031.502 

280 

18,639 

.0.53651 

475 

23.551 

. 042456 

850 

33.004 

. 030299 

290 

18,891 

.0.52935 

500 

21.184 

. 041350 

300 

19.143 

. 052238 

24.814 

. 040300 

Tal)lc 


28-26.     Weight  of  Water  at  Temperatures  I' 
Calculations 


Ph 


Temperature,  Degrees  Fahrenheit 


Weight  per 

cubic  foot, 

pounds 


Weight  per 

cubic  inch, 

pounds 


At  32  degrees  or  freezing  point  at  sea  level .  .  . 
At  39.2  degrees  or  point  nf  mnximum  density. 

At  62  degrees  or  standard  lcin(HTature 

At  212  degrees  or  lioilinjL^  jtoirit  at  sea  level.  .  . 


62.418 

0.03612 

62.427 

0.03613 

62.355 

0.03608 

59.846 

0.03469 

Table  28-27.    Volume  and  Weight  of  Distilled  Water  at  Various 
Temperatures* 


Tem- 
per- 
ature, 
deg. 

Relative 

volume 

water  at  39.2 

Weight 
in  lb. 
per 
cubic 

Tem- 
per- 
ature, 

Relative 

volume, 

water  at  39.2 

deg.=  l 

Weight 
in  lb. 
per 
cubic 

Tem- 
per- 
ature, 
deg. 

Relative 

volume, 

water  at  39.2 

deg.  =  l 

Weight 
in  lb. 
per 
cubic 

Tem- 
per- 
ature, 
deg. 

Relative 
volume, 
water  at 
39.2  deg. 

Weight 
in  lb. 
per 
cubic 

fahr. 

foot 

fahr. 

foot 

fahr. 

foot 

fahr. 

=  1 

foot 

32 

1.000176 

62.42  i 

160 

1 . 02337 

61.00 

290 

1 . 0830 

57.65 

430 

1.197 

52.2 

39.2 

1 . 000000 

62.43  1 

170 

1 . 02682 

60.80 

300 

1    0890 

57.  33 

440 

208 

51.7 

40 

1 . 00000 1 

62  43 

180 

1  03047 

60.58 

310 

1   0953 

57.00 

450 

220 

51.2 

50 

1.00027 

62.42 

190 

1.03131 

60.36 

320 

1.1019 

56.66 

460 

232 

50.7 

60 

1  00096 

62.37 

200 

1 . 03835 

60.12 

330 

1 . 1088 

56.30 

470 

244 

50.2 

70 

1   00201 

62.30 

210 

1 . 04256 

59.88 

3  to 

1.1160 

55.94 

480 

256 

49.7 

80 

1  00338 

62.22 

212 

1.04343 

59.83 

350 

1  12,35 

55.57 

490 

269 

49.2 

90 

1.00.501 

62.11 

220 

1 . 0469 

59.63 

360 

1 . 1313 

55.18 

500 

283 

48.7 

100 

1 . 00698 

62.00 

230 

1.0515 

59.37 

370 

1.1396 

54.78 

510 

297 

48.1 

110 

1.00915 

61.86 

240 

1.0562 

59.11 

380 

1  1483 

54.36 

520 

312 

47.6 

120 

1.01157 

61.71 

250 

1.0611 

58.83 

390 

1.1.573 

53.94 

530 

329 

47.0 

130 

1.01420 

61 .  55 

260 

1.0662 

58.55 

400 

1   167 

53.5 

540 

35 

46.3 

140 

1.01705 

61.38 

270 

1  0715 

58.26 

410 

1.177 

53.0 

550 

37 

45.6 

150 

1.02011 

61.20 

280 

1.0771 

57.96 

420 

1.187 

52.6 

560 

39 

44.9 

•  .Murks  and  Dii 


Table  28-28.     BoiJ 

ing  Point 

of  Water  at  Various 

Altitudes 

Boiling  point, 
degrees 
fahrenheit 

Altitude  above 

sea  level, 

feet 

Atmospheric 

pressure, 

pounds  per 

square  inch 

Barometer 
reduced 
to  32  degrees, 
inches        1 

Boiling  point, 
degrees 
fahrenheit 

Altitude  above 

sea  level, 

feet 

Atmospheric 
pressure, 
pounds  per 
square  inch 

Barometer 

reduced 

to  32  degrees, 

inches 

184 

15221 

8.20 

16.70 

199 

6843 

11.29 

22.99 

185 

14649 

8.38 

17.06 

200 

6304 

11.52 

23.47 

186 

14075 

8.57 

17.45 

201 

5764 

11.76 

23.95 

187 

13498 

8.76 

17.83 

202 

5225 

12.01 

24.45 

188 

12934 

8.95 

18.22 

203 

4697 

12.26 

24.96 

•    189 

12367 

9.14 

18.61 

204 

4169 

12.51 

25.48 

190 

11799 

9.34 

19.02 

205 

3642 

12.77 

26.00 

191 

11243 

9.54 

19.43 

206 

3115 

13.03 

26.53 

192 

10685 

9.74 

19.85 

207 

2589 

13.30 

27.08 

193 

10127 

9.95 

20.27 

208 

2063 

13.57 

27.63 

194 

9579 

10.17 

20.71 

209 

1539 

13.85 

28.19 

195 

9031 

10.39 

21.15 

210 

1025 

14.13 

28.76 

196 

8481 

10.61 

21.60 

211 

512 

14.41 

29.33 

197 

7932 

10.83 

22.05 

212 

Sea  Level 

14.70 

29.92 

198 

7381 

11.06 

22.52 

Table  28-29.    Pressures  Corresponding  to  Given  Heads  oi"  Water  in  Feet 

Water  at  maximum  density.  Temperature,  39.2  deg.  fahr. 
h  =  head  in  feet.     P  =  pressure  in  lb.  per  sq.  inch  =  .443  h 


h 

P 

h 

p 

h 

P 

h 

P 

h 

P 

h 

P 

h 

p 

1 

.433 

16 

6.928 

31 

13.42 

46 

19.92 

61 

26.41 

76 

32.91 

91 

39.40 

*) 

.866 

17 

7.361 

32 

13.86 

47 

20.35 

62 

26.85 

77 

33.34 

92 

39.84 

3 

1.299 

18 

7.794 

33 

14.29 

48 

20.78 

63 

27.28 

78 

33.77 

93 

40.27 

4 

1.732 

19 

8.227 

34 

14.72 

49 

21.22 

64 

27.71 

79 

34.21 

94 

40.70 

5 

2.165 

20 

8.660 

35 

15.15 

50 

21.65 

65 

28.14 

80 

34.64 

95 

41.13 

6 

2.598 

21 

9.09 

36 

15..59 

51 

22.08 

66 

28.58 

81 

35.07 

96 

41.57 

7 

3.031 

•1-1 

9..53 

37 

16.02 

52 

22.52 

67 

29.01 

82 

35.51 

97 

42.00 

8 

3.464 

23 

9.96 

38 

16.45 

53 

22.95 

68 

29.44 

83 

35.94 

98 

42.43 

9 

3.897 

24 

10.39 

39 

16.89 

54 

23.38 

69 

29.88 

84 

36.37 

99 

42.87 

10 

4.330 

25 

10.82 

40 

17.32 

55 

23.81 

70 

30.31 

85 

36.80 

100 

13.30 

11 

4.763 

26 

11.26 

41 

17.75 

56 

24.25 

71 

30.74 

86 

37.24 

12 

5.196 

27 

11.69 

42 

18.19 

57 

24.68 

72 

31.18 

87 

37.67 

13 

5.629 

28 

12.12 

43 

18.62 

58 

25.11 

73 

31.61 

88 

38.10 

14 

6.062 

29 

12.56 

44 

19.05 

59 

25.55 

74 

32.04 

89 

.38.54 

15 

6.495 

30 

12.99 

45 

19.48 

60 

25.98 

.o 

32.47 

90 

38.97 

Table  28-30.     Pressure,  in  Ounces  Per  Square  Incb  Corresponding  to 
Various  Heads  of  Water,  in  Inches* 


Head 

Decimal  parts  of  an  in 

ch 

in 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

inches 

0 

.06 

.12 

.17 

.23 

.29 

.35 

.10 

.46 

..52 

1 

..58 

.63 

.69 

.  75 

.81 

.87 

.93 

.98 

1.04 

1.09 

2 

1.16 

1  21 

1  27 

1  33 

1  39 

1.41 

1.50 

1.56 

1.62 

1.67 

3 

1  73 

1  79 

1.85 

1.91 

1  96 

2  02 

2.08 

2.14 

2.19 

2  25 

4 

2  31 

2  37 

2.42 

2.48 

2. 54 

2.60 

2.66 

.T  -o 

2  77 

2.83 

5 

2  89 

2.94 

3.00 

3.06 

3.12 

3.18 

3.24 

3.29 

3.35 

3.41 

6 

3  47 

3. 52 

3  58 

3.64 

3.70 

3.75 

3.81 

3.87 

3.92 

3.98 

7 

4  04 

4.10 

4.16 

4  22 

4  28 

4.33 

4.39 

4.45 

4.50 

4.56 

8 

4.62 

4.67 

4.73 

4.79 

4.85 

4.91 

4.97 

5.03 

5.08 

5.14 

9 

5.20 

5.26 

5.31 

5.37 

5.42 

5.48 

5.54 

5.60 

5.66 

5.72 

*Suplee's  Mechanical  Engineers'  Reference  Booh,  published  by  J.  B.  Lippincott  Co. 

Table  28-31.     Comparison  of  Measures  of  Pressure  and  Weight  i 


1  lb.  per 
sq.  in. 

1  oz.  per 
sq.  in. 


1  atmos- 
p  h  e  r  e  = 
(14.7  lb. 
persq.in.) 


144  lb.  per  sq.  ft. 

2.0  U6  in.  mercury  at  62  deg.  fahr. 
2.309  ft.  water  at  62  deg.  fahr. 
27.71  in.  water  at  62  deg.  fahr. 

0.1276  in.  mercury  at  62  deg.  fahr. 
1.732  in.  water  at  62  deg.  fahr. 

2116.3  1b.  per  sq.  ft. 
33.947  ft.   water  at  62  deg.   fahr. 
30  in.  mercury  at  62  deg.  fahr. 
29.922  in.  mercury  at  32  deg.  fahr. 


1  in.  water 
at  62  deg.  = 
fahr. 

1  ft.  water 
at  62  deg. 
fahr. 


0.03609  lb.  or  .5774  oz.  per  sq.  in. 
5.196  lb.  per  sq.  ft. 


f  0.4 
=  {62 


433  lb.  per  sq.  in. 
355  lb.  per  sq.  ft. 


in.    mer-      I    0.491  11).  or  7.86  oz.  per  sq.  in. 
cury    at  =  I    1.132    ft.    water    at    62    deg.    fahr. 
62  deg.  fahr.  I   13.58   in.    water   at   62   deg.   fahr. 


tKent's  Mechanical  Engineers'  Pocket  Book 


Table  28-32.     Conversion  of  Mercury  and  Vapor  Pressures 
Inches  of  mercury  to  pounds  per  square  incli 


Tenths 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Inches 

Lb.  Sq.  in. 

Lb.  Sq.  in. 

Lb.  Sq.  in. 

Lb.  Sq.  in. 

Lb.  Sq.  in. 

Lb.  Sq.  in. 

Lb.  Sq.  in. 

Lb.  Sq.  in. 

Lb.  Sq.  in. 

Lb.  Sq.  in. 

0 

0. 

0.49 

0  98 

1 .  47 

1.96 

2.46 

2.95 

3.44 

3.93 

t     12 

10 

4.91 

5.40 

5.89 

6.39 

6.88 

7.37 

7.86 

8.35 

8.84 

9  33 

20 

9.82 

10.32 

10  81 

11.30 

11.79 

12.28 

12.77 

13.26 

13.75 

11  21 

30 

14.74 

15.2 

15.7 

16.2 

16.7 

17.2 

17.7 

18.2 

18.7 

19.1 

40 

19.6 

20.1 

20.6 

21.1 

21.6 

,22. 1 

22.6 

23.1 

23.6 

21.1 

50 

24.6 

25.1 

25.5 

26.0 

26.5 

27.0 

27.5 

28.0 

28  5 

29.0 

60 

29.5 

30.0 

30.5 

30.9 

31.4 

31.9 

.32.4 

32.9 

33.4 

33.9 

70 

34.4 

34.9 

35.4 

35.9 

.36.3 

36.8 

37.3 

37.8 

38.3 

38.8 

80 

39.3 

39.8 

40.3 

40.8 

41 . 3 

41 . 8 

42.2 

42.7 

43.2 

43.7 

90 

44.2 

44.7 

45.2 

45.7 

46.2 

46.7 

47.2 

47.6 

48.1 

48.6 

100 

49.1 

49.6 

50.1 

50.6 

51.1 

51.6 

52.1 

52.6 

53.0 

53.5 

Pounds 

per  square  inch  to  inches  of  mercury 

Tenths 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

Pounds 

In.  Hg. 

In.  Hg. 

In.  Hg. 

In.  Hg. 

In.  Hg. 

In.  Hg. 

In.  Hg. 

In.  Hg. 

In.  Hg. 

In.  Hg. 

0 
10 
20 
30 
40 

0. 
20.352 
40.704 
61 . 0.56 
81.408 

2.03.52 
22.3872 
42.7.392 
63.0912 
83.4432 

4.0704 
24.4224 
44.7744 
65.1264 
85.4784 

6  10.56  i     8  1108 
26.4.576    28    1928 
46.8096    48  8118 
67.1616    69.1968 
87.5136    89.5488 

10   1760     12   2112 
30  528      32 .  5632 
.50.8809    .52  9152 
71.2320;  73.2672 
91.5810    93.6192 

1  1   2  16  1 
31. 5981 
51  9501 
75.3024 
95.6544 

16.2816 
36.6336 
.56.9856 
77.3376 
97.6896 

18.3168 
38.6688 
.59.0208 
79.3728 
99.7148 

50 
60 
70 

101.76 
122.11 
U2.46 

103.795 
124.145 
144.495 

105.830 
126.180 
116. 530 

107.865    109  900 
128.215    130  250 

118. 565    150.600 

1 

HI  9.36    113  971 
132  286    131  321 
152.636    1.54.671 

1 

116.006 
136.3.56 
156.706 

118.011 
138.391 
158.741 

120  077 
110.427 
160.777 

80 
90 
100 

162.81 
183.16 
203.53 

164.945 
185.195 
205.565 

166.880 
187.230 
207.600 

168.915 
189.265 
209.635 

170.950 
191.300 
211.670 

172.986 
193.336 
213.706 

175.021 
195.371 
215.741 

177.056 
197.406 
217.776 

179.091 
199.441 
219.811 

181.127 
201.476 
221.846 

Table  28-33. 

Comparison  of  Measures  of  Pressure 

Name  of  units                i  Atmospheres 

On  square 
inch 

Inches 
mercury  at 
32deg.fahr. 

Feet  of 

water  at 

60  deg.  fahr. 

Millimeters 
of  mercury 
at  32°  fahr. 

Pounds  per 
square  foot 

Kilograms 

per  square 

meter 

Atmosphere 

Pounds  per  square  inch   . 
In.  mercury  at  32°  fahr.  . 
Feet  of  water  at  60°  fahr. . 
.Millimeters    of     mercur\ 

at  .32°  fahr 

Pounds  per  square  foot 
Kilograms   per  sq.  meter 

1. 
.068,03 
.033,42 
.029,47 

.001,316 

.000,472,6 

.000,096,77 

14.7 
1. 
.491,3 
.433,2 

.019,34 

.006,947 

.001,423 

29.922 
2.036 
1. 
.881,8 

.039,37 
.014,13 
.002,895 

33.91 
2.309 
1.134 
1. 

.011,64 
.016,03 
.003.283 

760. 
51.7 
25.398 
22.399 

1. 
.359,2 
.073,55 

2,116. 
143.946 
70.7 
62.35 

2.784 
1. 

.204,8 

10.3,33 
702.925 
345.331 
301.565 

13..596 
4.883 
1. 

Table  28-34.     Reasonable  Economic  Performance  of  Stationary  Steam  Plants* 


Central  station 

Mfg.  power  plants 

Heating  plants 

Type  of  plant 

Large 

10.000  kw. 

and  up 

Small 

2000-10,000 

kw. 

Small 

up  to  100 

hp. 

Medium 

100-500 

hp. 

Large 

500-2000 

hp. 

Central 
1000  hp. 
and  up 

Office 

and  public 

bldgs. 

Residence 

Efficiency  of  boiler  and 
Furnace  in  per  cent 

70-76 

68-74 

60-70 

68-72 

68-74 

68-74 

50-70         50-65 

Coal  per  hour  in  lb. 

Per  kw-hr. 

Per  1  hp. 

Per  boiler  hp. 

2-3       1     2H-4 

5-8 

3-5 

2J4-4 

3-4       1       3-6       ! 

'  L.  P.  Breckenridge.    Lecture  on  Fuel  Conservation 


Table  28-35.     Weight  in  Pounds  of  One  Gallon  of  Water  at  Temperatures  from 
32  Deg.  to  420  Deg.  Fahr. 


Temp. 

wt. 

Temp. 

105 

wt.   ! 
8.279 

Temp. 

Wt. 

Temp. 

Wt. 

;?2 

8.3H 

185 

8.084 

270 

7.788 

3.5 

8.345 

110 

8.270 

190 

8.069 

280 

7.748 

39.2 

8.34.54 

115 

8.260 

195 

8.053 

290 

7.707 

40 

8.345 

120 

8.250 

200 

8.037 

300 

7.664 

4.S 

8.345 

125 

8.239 

205 

8.021 

310 

7.620 

50 

8.343 

130 

8.229 

210 

8.005 

320 

7.575 

aa 

8.341 

135 

8.218 

212 

7.998 

330 

7.527 

60 

8,337 

140 

8.206 

215 

7.988 

340 

7.486 

65 

8.333   1 

145 

8.193 

220 

7.971 

350 

7.429 

70 

8.329  ' 

150 

8.181 

225 

7.954 

360 

7.376 

75 

8.323 

155 

8.168 

230 

7.937 

370 

7.323 

80 

8.317 

160 

8.155 

235 

7.929 

380 

7.267 

85 

8.311 

165 

8.141 

240 

7.920 

390 

7.211 

90 

8.304 

170 

8.127 

245 

7.893 

400 

7.152 

95 

8.296 

175 

8.113 

250 

7.865 

410 

7.085 

100 

8.288 

180 

8.099 

260 

7.828 

420 

7.032 

Table  28-36.    Contents  of  Round  Tanks  in  U.  S.  Gallons,  for  Each  Foot  in  Depth 

To  find  capacity  of  a  tank  of  any  size:    Given  dimensions  of  a  cylinder  in  inches,  to  find  its 
capacity  in  U.  S.  gallons:   Square  the  diameter,  multiply  by  the  length  and  by  .0034 


4  0 

4  3 

4  6 

4  9 

5  0 
5  3 
5  6 
5  9 


Gallons, 
1  foot  in 
depth 


1  0  5.8735 

1  3  9.1766 

1  6  13  21.50 

1  9  17.9870 


23.4940 
29.7340 
36.7092 
44.4179 

52.8618 
62.0386 
73.1.504 
82.5959 

93.9754 
106. 1200 
118.9386 
132.5209 

146.8.384 
161 . 8886 
177.6740 
194.1913 


6  0  211.4172 

6  3  229  4312 

6  6  248  1.564 

6  9  267.6122 


Diameter 
Ft.      In. 


12  0 

12  3 

12  6 

12  9 


Gallons, 

1  foot  in 

depth 


287.80.32 
308.7270 
330.38.59 
352. 7665 

375.9062 
399.7666 
424.3625 
449.2118 

710  6977 
743.3686 
776.7746 
810  9143 

848  1890 
881 . 3966 
917.7.395 
954.8159 

992.6274 
1031.1719 
1070.4514 
1108.0645 

1151.2129 
1192. 69  to 
1234  9101 
1277  8615 


Gallons, 

1  foot  in 

depth 


5       0  1.321.54.54 

5       3  1365.9634 

5       6  1107.5165 

5  9  1457.0032 

6  0  1.503.6250 
6  3  1550.9797 
6       6  1.599.0696 

6  9  1647.8930 

7  0  1697.4516 
7  :?  1747.7431 
7   6  1798.7698 

7  9  18.50  5301 

8  0  1903  0254 
8  3  19.56.2.537 
8  6  2010.2171 
8   9  2064.9140 

0  2590.2290 

3  26.52.2532 

6  2715.0413 

9  2778.5486 

0  2842.7910 

3  2907.7664 

6  2973.4889 

9  3039.9209 


24  0 

24  3 

24  6 

24  9 

25  0 
25  3 
25  6 
25  9 


Gallons, 

1  foot  in 

depth 


3107.1001 
3175.0122 
3243.6595 
3313.0403 

3383.1563 
3454.0051 
3525.5929 
3597.9068 

3670.9596 
3741.7452 
3819.2657 
3894.5203 

3970.5098 
4047,2322 
4124.6898 
4202.9610 

4281.8072 
4361.4664 
4441.8607 
4522.9886 

4604.8517 
4686 . 4876 
4770.7787 
4851  8434 
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Table  28-38.     Friction  of  Water  in  Pipes 

Giving  \elocity  in  feet  per  second,  friction  liead  in  feet  and  friction  loss  in  pounds  per  square  inch 

for  each  100  ft.  of  pipe  discharging  a  given  quantity  of  water  in  gallons 

per  niinute     (Weisbaoh  Formula) 


1    ^ 

a              J.S 

■O                             g,    j; 

^          "o 

c;          "^ 

—              T3 

■o 

10.9 

1     .E- 

X           .2  tJ 

c-o 

.=              -a 

.Sf      I 

Id- 

.=  1       1 

2  d- 

=  ■=        .C 

-  a 

.=  1         .= 

—  ?■ 

c             c  '^ 

i  -  i 

■|  1        '1 1 

1: 

■3  S      .2  u 

II 

% '    1  s 

0  o- 

P     |£     11 

J»      zl 

II 

o  ^%. 

i£.s     £a 

>  o. 

to.S          ££ 

>c.     1S.2 

££ 

>%.    <£.s 

££ 

>  g.     £.5      &-S. 

>tt       £.5 

££ 

' 

i"  Pipe 

l"Pipe 

I '4"  Pipe 

I'i"  Pipe 

2"  Pipe 

215"  Pipe 

3    3.64 

7.59     3.3 

2.04 

1.93     0.84 

1.30      0.71 

0.31 

0.91    0:27 

0.12 

0.49    0.092 

0.04 

0.244 

0.046    0.02 

10    7. 28 

29.90    13.0 

4.08 

10.26      3.16 

2.60      2.41 

1.03 

1.82    1.08 

0.47 

0.98    0.277 

0.12 

0.656 

0.092    0.04 

15  10.92 

66.01 

28.7 

6.12 

16.05  ;   6.98 

3.90      5.47 

2.38 

2.73   2.23 

0.97 

1.47    0.577 

0.25 

0.985 

0.185    0.08 

2014.56 

115.92 

50.4 

8.16 

28.29    12.30 

5.20      9.36 

4.07 

3.64   3.81 

1.66 

2.04   0.97 

0.42 

1.315 

0.323    0.14 

25  IS. 20 

180.00 

78.00 

10.20 

43.70    19.00 

6.50    14.72 

6.4 

4.55    5.02 

2.62 

2.60    1.43 

0.62 

1  .645 

0.485    0.21 

30 

12.24 

63.25    27.30 

7. SO   21.04 

9.15 

5.46   8.62 

3.75 

3.03    2.09 

0.91 

1.97 

0.693    0.30 

35 

14.28 

85.10  137.00 

9.10   28.32 

12.4 

6.3711.61 

5.05 

3.34   2.76 

1.22 

2.29 

0.92      0.40 

40 

16.32 

110.40  !48.00 

10.40   37.03 

16.10 

7.2814.99 

6.52 

4.05   3.68 

1.60 

2.62 

1.19     0.53 

45 

11.70   46.46 

20.2 

8.1918.74 

8,15 

4.56   4.60      1.99 

2.95 

1.49 

0.66 

50 

13.00    37.27 

24.9 

9.1023.00 

10.00 

5.10    5.61      2.44 

3.30 

1.86 

0.81 

60 

15.6      85.50 

37.0 

10.92  32.93 

14.23 

6.12   8.88 

3.50 

3.95 

2.70 

1.17 

70 

18.2    114.0 

49.3 

12.7444.60 

19.30 

7.14  11.09 

4.80 

4.60 

3.46 

1.30 

75 

19.3    129.0 

56.1 

13.6551.52 

22.4 

7.7012.23 

5.32 

4.93 

4.14 

1.80 

80 

14. .56  58. 45 

25.3 

8.1614.55 

6.30 

5.26 

4.62 

2.00 

90 

16..iS81.30 

35.25 

9.1818.02 

7.80 

5.91 

5.96 

2.58 

100 

18.20  89.70 

39.0 

10.2    21.75 

9.46 

6.50 

7.36 

3.20 

125 

12.80  34.27 

14.9 

S.13 

11.24 

4.S9 

150 

13.3   48.76 

21.2 

9.80 

16.10      7.00 

175 

11.43 

21.75      9.46 

185 

12.08 

24.30    10.61 

200 

13.06 

28.68    12.47 

3"  Pipe 

3 

,'2"  Pipe 

4"  Pipe 

5"  Pipe 

6"  Pipe 

7"  Pipe 

10   0.448 

0.046 

0.02 

15   0.672 

0.092 

0.04 

0.49S 

0.046  0.02 

20   0.896 

0.138 

0.06 

0.664 

0.069   0.03 

23    1.12 

0.231 

O.IQ 

0.83 

0.092  0.04 

30    1.345 

0.30 

0.13 

0.996 

0.138   0.06 

35    1.569 

0.393 

0.17 

1.163 

0.208   0.09 

40    1.790 

0.53 

0.23 

1.329 

0.234   0.11 

1.04    0.138 

0.06 

43    2.016 

0.647 

0.28 

1.494 

0.323  0.14 

1.17    0.1615 

0.07 

50   2.24 

0.80 

0.35 

1.66 

0.393  0.17 

1.30    0.208 

0.09 

60    2.688 

1.153 

0.50 

1.992 

0.555    0.24 

1.56    0.30 

0.13 

0.880.1156 

0.05 

70    3.136 

1.385 

0.60 

2.. 324 

0.879   0.38 

1.82   0.439 

0.19 

1.040.162 

0.07 

75    3.360 

1.70 

0.75 

2.490 

0.913   0.395 

1.95    0.485 

0.21 

1.200.174 

0.075 

80   3.584 

2.08     0.90 

2.656 

0.948   0.41 

2.08   0.580 

0.23 

1.280.183 

0.08 

90   4.032 

2.54 

1.10 

2.988 

1.247    0.56 

2.34   0.60 

0.26 

1.440.208 

0.09 

100   4.480 

3.01 

1.31 

3.320 

1.478    0.64 

2.60   0.763 

0.33 

1.600.277 

0.12 

1.14    0.113 

0.05 

123    5.60 

4.57 

1.99 

4.15 

2.219   0.96 

3.25    1.13 

0.49 

2.000.393 

0.17 

1.42    0.161 

0.07 

130   3.80 

6.55     2.85 

4.98 

3.12      1.35 

3.80    1.59 

0.69 

2.400.378 

0.23 

1.71    0.231 

0.10 

1.20 

0.093 

0.04 

173   7.92 

8.85     3.85 

5.81 

4.208    1.S2 

4.45    2.146 

0.93 

2.800.783 

0.34 

2.00   0.302 

0.13 

1.38 

0.115 

0.05 

183   8.34 

9.94      4.30 

6.14 

4.62      2.00 

4.70    2  484 

1.075 

2.960.84 

0..36 

2.11    0.36 

0.15b 

1.55 

0.13 

0.056 

200   9.04 

11.54     5.02 

6.64 

5.50     2.38 

5.1      2  82 

1.22 

3.200.972 

0.42 

2.28   0.39 

0.17 

1.70 

0.162 

0.07 

25011.28 

17.84     7.76 

8.30 

8.53     3.70 

6.4     4.37 

1.89 

4.001.50 

0.65 

2.80    0.60 

0.26 

2.10 

0.277 

0.12 

26512.40 

20.09     8.72 

8.80 

9.60     4.15 

6.79   6.45 

2.09 

4.24  1.69 

0.73 

3.03    0.70 

0.303 

2.23 

0.31 

0.134 

30013.52 

25.76    11.20 

9.96 

11.63     3.04 

7.60   6.13 

2.66 

4.80  2.15 

0.93 

3.40   0.85 

0.37 

2.40 

0.393    0.17 

Hot  water  averages  8  lb.  per  gallon 

HorseiKJwer  required  to  raise  water:  — ^ horsepower  =  quantity  in  cu.  ft.  per  min.  X  height  of  lift  in  feet  ^  529.2  =  quantity 
in  gal.  per  min.  ■  height  of  lift  in  feet  -^  3958.7 

When  the  temperature  of  water  increases,  the  pressure  of  the  water  vapor  decreases  the  theoretical  lift,  which  at  150  deg. 
fahr.  =  25.7  ft.;  at  175  deg.  =  18.5  ft.,  and  at  200  deg.  -  7.2  ft. 


Table  28-39.    Cost  of  Water  at  Stated  Rates  per  1000  Gallons 


Number 

Cost  per  1000  Gallons 

of            — 
cubic  feet 

5  Cents 

6  Cents 

8  Cents 

10  Cents 

15  Cents 

20  Cents 

25  Cents 

30  Centd 

20 

$0,007 

$0,009 

$0  012 

$0,015 

$0,021 

$0.0.30 

$0.0.37 

$0,045 

10 

0,015 

0,018 

0  024 

o,o;io 

0,045 

0.060 

0.075 

0.090 

60 

0  022 

0,027 

o,o:i6 

0,015 

0,066 

0.090 

0.112 

0.135 

80 

o.o;$o 

0,036 

0,018 

0.060 

0,090 

0,120 

0.150 

0.180 

100 

0.037 

0  019 

0  060 

0.075 

0,111 

0  1.50 

0.187 

0.224 

200 

0.075 

0  090 

0   1 20 

0.150 

0  225 

0  299 

0.374 

0.449 

300 

0   112 

0  i:r> 

0   180 

0.224 

0,336 

0,419 

0.561 

0.673 

100 

0   1.50 

0   180 

0,239 

0.299 

0  450 

0  .598 

0.748 

0.898 

500 

0   188 

0,221 

0,299 

0,374 

0,564 

0,748 

0  935 

1.122 

600 

0  224 

0,269 

0,3.59 

0,449 

0,448 

0  898 

1.122 

1  346 

700 

0.262 

0,314 

0.419 

0.524 

0,786 

1  017 

1 .  309 

1.571 

800 

0.299 

0,350 

0,479 

0.598 

0,897 

1   197 

1.496 

1.795 

900 

0..337 

0,401 

0,5.39 

0.673 

1   Oil 

1    316 

1 .  683 

2.020 

1,000 

0.374 

0  449 

0..598 

0.748 

1.122 

1    196 

1.870 

2.244 

2,000 

0.748 

0,898 

1.197 

.496- 

2tl 

2  992 

3  710 

4.488 

3,000 

1.122 

1 ,  346 

1.795 

2.244 

3  .366 

1 .  188 

5.610 

6.732 

4,000 

1.496 

1  795 

2. 393 

2,992 

4.488 

5.849 

7.180 

8.976 

5,000 

1   870 

2,244 

2  992 

3,740 

5.610 

7.480 

9  .3.50 

11.220 

6,000 

2.211 

2,692 

3 ,  590 

4,488 

6.732 

8  976 

11.220 

13.464 

7,000 

2.618 

3  141 

4,189 

5  236 

7.8.54 

10  472 

13.090 

15,708 

8,000 

2  992 

3 ,  590 

4,787 

5  981 

8  976 

1 1   %K 

11.961 

17,953 

9,000 

3.366 

4,039 

5  385 

6  732 

10  098 

13    161 

16.831 

20,197 

10,000 

3.74 

4,488 

5  981 

7  480 

11   122 

14  961 

18  701 

22,441 

20,000 

7.48 

8,976 

11,968 

14,961 

22  443 

29.992 

37.402 

44,882 

30,00(t 

11.22 

13  46 

17,95 

22,44 

33.664 

44.88 

.56.10 

67,32 

40,000 

11  96 

17  95 

23  94 

29  92 

44.885 

59.84 

74.81 

89,77 

50,000 

18.70 

22,44 

29,92 

37,40 

.56.103 

74.80 

93.50 

112.20 

60,000 

22.41 

26  92 

35,90 

44,88 

67.323 

89.76 

112.20 

134.64 

70,000 

26.18 

31.41 

41 ,  89 

.52  36 

78.543 

104.72 

130  90 

157,08 

80,000 

29.92 

35,90 

47,87 

.59  84 

89.766 

119.68 

149  61 

179. 53 

90,000 

33.66 

40,39 

.53  85 

67,32 

100.986 

134.61 

168.31 

201.97 

100,000 

37.40 

44,88 

59,81 

71  80 

111.22 

149.61 

187.01 

224.41 

200,000 

74.81 

89,76 

119,68 

119,61 

224.43 

299.22 

374.02 

448  82 

300,000 

112.20 

134,64 

179,53 

224,41 

336.64 

448.83 

561.03 

673,24 

400,000 

149.61 

179,53 

239,37 

299,22 

418.85 

598  44 

748.05 

897,66 

500,000 

187.01 

221,41 

299.22 

371,02 

561 . 03 

748.05 

935.06 

1122,07 

600,000 

221.41 

269,29 

3,59,06 

418  83 

673.23 

897.66 

1122.07 

1346.49 

700,000 

261  81 

314,18 

418.90 

523,63 

785.43 

1047.27 

1300.08 

1570,88 

800,000 

299.22 

359  06 

478.75 

598,44 

897.66 

1196.88 

1496  10 

1795,32 

900,000 

3:56.62 

403  94 

.5:58. 59 

673,21 

1009.86 

1346.49 

1683.11 

2019,73 

1,000,000 

374.02 

448  83 

.598.44 

748  05 

1122.06 

1498.10 

1870.12 

2214  15 

Table  28-40.    Water  Conversion  Factors 

U. 

S.'  gallons 

X     8.33 

=  pounds.       Cubic  feet  of  water  (39.2°)  X  62.427 

=  pounds. 

U. 

S.  gallons 

X     0.13368   =  cubic  ft.       Cubic  feet  of  water  (39.2°)  X     7.48 

=  U.S.  gal. 

U. 

S.  gEillons 

X231.00 

=  cubicin.       Cubic  feet  of  water  (39.2°  i  X     0.028 

=  tons. 

u. 

S.  gallons 

X     3.78 

=  liters. 

Poundi 

5  of  water 

X   27.72 

=  cubic  in. 

Cubic  inches  of  water  (39.: 

2°)X     0.036130  =  pound; 

i.         Pound; 

s  of  wafer 

X     0.01602 

=  cubic  ft. 

Cubic  inches  of 

water  (39.: 

2°)X     0.004329=  U.S.  gal.       Pound; 

■1  of  water 

X     0.12 

=  U.S.  gal. 

Cubic  inches  of  water  (39.: 

2°)X     0.576384=  ounces 

Table  28-41.     Classification  of  Coals  ' 


1  cu.  ft.  of  anthracite  coal  weighs  55  to  66  lb. 
1  "  "  "  bituminous  "  "  50  to  55  lb. 
1  "     "     "  semi-bituminous  coal  weighs  48  to  53  lb. 


Percentages  of  combustible 
Name  of  coal 

Fixed  carbon  Volatile  matter 


Anthracite 97.0  to  92.5                             3.0  to    7.5  11,600  to  1-1,800 

Semi-anthracite 92.5  to  87.5                             7.5  to  12.5  14,700  to  15,500 

Semi-bituminous 87.5  to  75.0  12.5  to  25.0  15,500  to  16,000 

Bituminous,  East 75.0  to  60  0  25.0  to  40.0  14,800  to  15,300 

West 65.0  to  50.0  35.0  to  50.0  13,.500  to  14,800 

Lignite : 50  0  and  under  50.0  and  over  11,000  to  13,500 

*  Harding  and  \\  illard.  Mechanical  Equipment  of  Buildings.      Piiblished  liy  John  \Viley  &  Sous 

Table  28-42.     Names  and  Sizes  of  Bitiiminous  or  Soft  Coal  f 

For  "Domestic"  soft  coals  there  are  no  uniform  names  and  sizes,  but  they  are  marketed  in  the  various 
states  under  about  these  classes: 

Screenings  usually  smallest  sizes. 

DufiF  goes  through  '  s-in.  screen. 

No.  3  Xut  goes  through  114-in.  screen,  over  '4-in.  screen. 

No.  2  Nut  goes  through  2-in.  screen,  over  l}4-in.  screen. 

No.  1  Domestic  Nut  goes  through  3-in.  screen,  over  IJ^  or  2-in.  screen. 

No.  4  \^  ashed  goes  through  34-in.  screen,  over  H-in.  screen. 

No.  3  Washed  Chestnut  goes  through  l}4-in.  screen,  over  %-m.  screen. 

No.  2  Washed  Stove  goes  through  2-in.  screen,  over  l)^-in.  screen. 

No.  1  Washed  Egg  goes  through  3-in.  screen,  over  2-in.  screen. 

No.  3  Roller  Screened  Nut  goes  through  I'o-in-  screen,  over  1-in.  screen. 

No.  2  Roller  Screened  Nut  goes  through  2-in.  screen,  over  I'^-in.  screen. 

No.  1  Roller  Screened  Nut  goes  through  3'  o-in.  screen,  over  2-in.  screen. 

Egg  goes  through  6-in.  screen,  over  3-in.  screen. 

Lump  or  Block  goes  through  6-in.  screen,  or  over. 

Run-of-Mine  in  tine  and  large  lumps. 

Pocahontas  Smokeless:  generally  sized  as:   Nut,  Egg,  Lump,  and  Mine-Run. 

t  Harding  and  W'illard 

Table  28-43.     Heat  Values  of  Bituminous  Coals  J 
From  selected  free-burning  and  caking  soft  fuels  taken  from  Bulletin  No.  332,  L".  S.  Geological  Survey,  and 
Bulletin  No.  23,  U.  S.  Bureau  of  Mines 

_  B.tu. 

State  iff  Kind  of  fuel  County  per  lb. 


Alabama 375  Soft— caking Bibb 13,671 

.Mabama 484  Soft — free  biu-ning Jefferson 14,447 

Arkansas 293  Soft — caking Sebastian 13,705 

Arkai)sas 308  Semi-anthracite — caking Johnson 14,125 

Arkansas 340  Lignite Quachita 9,549 

Georgia 481  Soft — free  burning Chattooga 12,865 

Illinois 448  Soft — free  burning Williamson 12,920 

Illinois 511  Soft  briquettes St.  Clair 13,271 

Illinois 509  Soft— caking Saline 13.621 

Indiana 428  Soft — free  burning Greene 13,099 

Indiana 435  Soft — caking Pike 13,545 

Indiana 464  Soft  briquettes Parke 11,930 

Indian  Territory 437  Soft — free  burning 13,932 

Indian  Territory 449  Semi-anthracite 14,682 

Kansas 311  Soft — free  burning Linn 12,343 

Kentucky 434  Soft — free  burning Union 14,026 

X  Harding  and  Wiliard 


Table  28-44.    Heat  Values  of  Bitinniiioiis  Coals* — Continm'd 

From  selected  free-burning  and  caking  soft  fuels  taken  from  Bulletin  No.  332,  V.  S.  (ieological  Survey  and 
Bulletin  No.  23,  U.  S.  Bureau  of  Mines 


Kind  of  fuel 


Maryland 490 

Maryland 518 

Missouri 319 

Montana 477 

New  Mexico 392 

New  Mexico 387 

Ohio 483 

Pennsylvania 473 

Pennsylvania 499 

Pennsylvania 51 1 

Tennessee 409 

Tennessee 368 

Tennessee 363 

Texas 291 

Utah . 404 

Virginia 482 

Virginia 507 

Washington 290 

Washington 359 

West  Virginia 305 

West  Virginia 439 

Wyoming 399 

Wyoming 400 


Soft — free  burning Allegany 14,515 

Soft  briquettes Mlegany 14,717 

Soft— caking Handolph 11,747 

Ijgnite — free  burning C.arbon 11,628 

Soft— caking  . Colfax 13,059 

Soft — free  burning Colfax 12,721 

Soft — free  burning Belmont 13,381 

Soft — caking Indiana 14,210 

Soft — free  burning Cambria 14,1 19 

Soft  briquettes Westmoreland 14,382 

Soft  briquettes Claiborne 14,092 

Soft — free  burning Campbell 14,008 

Soft—caking Grundy 13,257 

Lignite — free  burning Wood 11,131 

Soft — free  burning Summit 12,586 

Anthracite — free  burning Montgomery 12,679 

Soft — caking Tazewell 14,177 

Subbit — free  burning King 11,772 

Soft— free  burning Kittitas 12,996 

Soft — free  burning Marion 13,964 

Soft — caking Kanawha 13,995 

Soft— free  burning Carbon 12,222 

Subbit — free  burning Unita 12,488 


Note — These  values  were  obtained  at  the  St.  Louis  Testing  Plant  from  139  samples  of  coal.  The 
heating  values  of  the  various  coals  were  established  by  "actually  burning  one  gram  of  the  air-dried  coal  in 
oxygen  in  a  Mahler-boinb  calorimeter."  These  values  in  B.t.u.  give  the  theoretical  maximum  thermal 
value  of  soft  coals 

*Harding  &  Willard 

Table  28-45.     Names  and  Sizes  of  Anthracite  or  Hard  Coal  f 


Names  of  sizes 


Will  pass  through 


Will  not  pass  through 


Buckwheat  No.  1 .  .  .  . 

No.  2.... 

or  Rice 

Pea 

Chestnut,  or  Nut.  .  .  , 

Stove  or  Range 

Egg — in  the  East.  .  . 
Large  Egg — Chicago. 
Small  Egg — Chicago. 
Broken,  or  Grate. . .  . 


J^-in.  mesh 

J4-in.  mesh 
Ji-in.  mesh 
in.  mesh 
in.  mesh 
■in.  mesh 
in.  mesh 
in.  mesh 
in.  mesh 


4 


^-in. 

H-ia. 

M-in. 

M-in. 
Il4-in. 
1^-in. 
2M-in. 
2  -in. 
2J^-in. 


mesh 

mesh 
mesh 
mesh 
mesh 
mesh 
mesh 
mesh 


t  Harding  and  Willard 


Table  28-46.     Calorific  Value  of  Coal 

Where  a  complete  analysis  i.r  tliecoal  is  not  oljtaiiiable  the  foilowinc  fnrmula  may  be  use<l:  Il.t.u  per  U>  =  111(100  -  (w+a)] 
-  10.8  wc,  where  w  and  a  are  tile  percentages  of  water  and  ash.  and  c  is  a  constant  varying  with  the  amount  of  water.  When  w  < 
3%.  c  =  4;  when  w  is  between  3  and  4.5%.  c  =  6;  w  bet.  4.3  and  8.3%,  c  =  12;  w  bet.  8..i  and  12<-(,.  c  =  10;  w  bet.  12  and  20%. 
c  =  8;  w  bet.  20  and  28%.  c  =  6;  w  >  28<7o.  c  =  4.  Also,  when  C  and  Ci  are  the  percentages  of  fixed  and  volatile  cirbon.  respec- 
tively, and  H  the  percentage  of  hydrogen.  B.t.u.  per  lb.  =  (14,600  C  +  20.390  Ci  +  62.000  H)  -|-  100 

340 


Table  28-47.     Composition  and  Heat  Values  of  Anthracite  Coal 


Fixed 
car- 
bon 


per  lb. 
of  dry 
coal 


.\nthracite 

Pennsylvania 78 .  60 

Buckwheat 81 .  32 

Wilkes-Barre 76. 94 

Scranton 79 .  23 

Scranton 84. 46 

Cross  Creek 89. 19 

Lehigh  Vallev 75 .  20 

Lykens  Vallev 76, 94 

Lykens  VaUey 81 .  00 

Wharton 86.40 

Buck  Mt 82. 66 

Beaver  Meadow 88. 94 

Lackawanna 87 .  74 

Rhode  Island 85. 00 

Arkansas .  74 .  49 

Semi- Anthracite 

Pennsylvania,  Loyalsock 83 .  34 

Bernice 82 .  52 

Bernice 89.  39 

Wilkes-Barre 88.90 

Lycoming  Creek 7 1 .  53 

Virginia.  Natural  Coke 75 .  08 

Arkansas 74.06 

Indian  Territory 73 .  21 

Maryland,  Easbv 83. 60 


♦Harding  &  Willard 


Table  28-48.     Weight  of  Materials 
Dry  woods 


14.80 

0.40 

3  84 

3.88 

10.96 

0.67 

12,200 

6.42 

1.34 

15.30 

11,801 

3.73 

3.33 

13.70 

12.149 

5.37 

0.97 

9.20 

12,294 

1.96 

3.62 

5.23 

13,723 

7.36 

1.44 

16.00 

12,423 

6.21 

15,300 

5.00 

1.5,300 

3  08 

3.71 

6.22 

0.58 

15,000 

3  95 

3.04 

9.88 

0.46 

15,070 

2.38 

1.50 

7.11 

0.01 

3.91 

2.12 

6.35 
7.00 

0.12 
0.90 

11.73 

1.52 

9.26 

13,217 

8.10 

1  30 

6.23 

1.03 

15,400 

3  56 

0.96 

3.27 

0.24 

15,050 

8.56 

0.97 

9  34 

1.04 

15,475 

7  68 

3.49 

14.199 

13.84 

0  67 

13.96 

0.03 

12.44 

1.12 

11.38 

0.47 

14.93 

1.35 

9.66 

13.65 

5.11 

8.03 

1.18 

13,662 

16.40 

11,207 

Weight    in 
Material  lb.  of  one 

cu.  ft. 

Ash 43—53 

Beech 43-53 

Birch 40-46 

Boxwood 57-83 

Cork 15 

Ebonv 70-83 

Elm 31-45 


Weight    in 
Material  lb.  of  one 

cu.  ft. 

Fir,  Spruce 30-4 1 

Greenheart 70 

Hornbeam 47 

Larch 31-37 

Lignum-vitae 83 

Mahogany — Honduras.  35 

Spanish .  .  53 


Weight  in 
Material  lb.  of  one 

cu.  ft. 

Oak — American  red. ...  54 

••       English 48-58 

Pint^red 30-44 

white 27-34 

vellow 29-41 

Teak    " 41-55 


Stones, 

earth. 

etc. 

Material 

.\sphaltuni 

Brick — common 

fire 

Cement — Portland . . . 
Clav     

Weight  in 

lb.  of  one 

cu.  ft. 

. .  64-112 
..  100-125 
.  .  137-1.50 
. .     80-  90 

120 
. .  120-140 
. .      77-120 

156 

Material 
t;ias.s — flint   . . 

Weight   in 

lb.  of  one 

cu.  ft. 

187 

Material 

Mud — dry  and  close .  . . 
"       wet  and  fluid .  . . 

Sand — drv- 

wet 

Sandstone 

Victoria  stone  (crushed 
granite,  Portland  ce- 
ment, silica) 

Weight  in 

lb.  of  one 

cu.  ft. 

80-110 

plate .  . 

Granite 

Gravel 

169 
.  .   164^175 
. .     90-125 

134 

104-120 

88-110 

118-129 

130-170 

Concrete 

Earth 

Lime — quick 

Umestone  and  marbit 
Mortar — hardened 

52 

s     1.50-179 

.     88-118 

1     ■" 

Table  28-49.     Weight  of  Materials — Continiti'd 

Metals  and  Alloys 


Specific 
gravity 


Weight  in  lb. 
of  one 


Cu.  in. 
in  one 


2, 

569 
681 

160 
167 

.093 
.097 

10.80 

"             wrought. 

10.35 

"            bronze . . . 

7. 

787 

485 

.281 

3.56 

6. 
5. 

712 

748 

418 
358 

.242 
.207 

4.13 

Arsenic 

4.83 

Bismuth 

9. 

827 

612 

.354 

2.82 

1  from 

7. 

868 

490 

.284 

3.53 

Brass — cast.  .  .  . 

to 

8. 

430 

525 

.304 

3.29 

(average 

8. 

109 

505 

.292 

3.42 

"        Muntz  metal 

8. 

221 

512 

.296 

3.37 

"        naval  (rolled). 

8. 

510 

530 

.307 

3.26 

sheet. .  . 

8. 

462 

527 

.305 

3.28 

8. 
8. 

558 
478 

533 
528 

.308 
.306 

3  24 

1  from 

3.27 

Bronze  (gun-metal)..  . 

|to 

8. 

863 

552 

.319 

3.13 

1  average 

8. 

735 

544 

.315 

3.18 

Copper — cast. . 

8. 

622 

537 

.311 

3.22 

"          hammered .  . 

8. 

927 

556 

.322 

3.11 

"          sheet. 

8 

815 

549 

.318 

3.15 

8 
19 

895 
316 

554 
1203 

.321 
.696 

3.12 

1.44 

"     standard  22  carat  fine 

17. 

502 

1090 

.631 

1.59 

(Gold  11- 

—Copper  1) 

from 

6.904 

430 

.249 

4.02 

to 
average 

7, 
7 

.386 
.209 

499 
464 

.266 
.260 

3.76 

3.85 

(from 

7 

.547 

470 

.272 

3.56 

Iron — wrought. 

to 

7 

.803 

486 

.281 

3.68 

(average 

7 

.707 

480 

.278 

3.60 

Lead — cast.  .  .  . 

11 

.368 

708 

.410 

2.44 

"        sheet.  . . 

11 

.432 

712 

.412 

2.43 

8 

.012 

499 

.289 

3.46 

Nickel — cast. . . 

8 

.285 

516 

.299 

3.35 

8 
21 

.687 
.516 

541 
1340 

.313 

.775 

3.19 

Platinum 

1.29 

Silver 

10 

.517 

655 

.379 

2.64 

from 

7 

.820 

487 

.282 

3.55 

Steel 

Uo 

7.916 

493 

.285 

3.51 

average 

7 

.868 

490 

.284 

3.53 

Tin 

7 
7 

.418 
.322 

462 
456 

.267 
.264 

3.74 

White  Metal  (Babbitt 

.■s) 

3.79 

Zinc — cast.  .  .  . 

6.872 

428 

.248 

4.04 

sheet. . . 

7 

.209 

449 

.260 

3.85 

Table  28-50.    Specific  Heat  and  Densities  of  Building  Materials  * 


Building  materials 


Specific 
heat 


Brickwork 0  19.50 

Concrete    .  1)2700 

Masonry 2159 

Plaster 2000 

Pinewood 4670 

♦Harding  and  Willard 


Building  materials 


Specific 
heat 


Oakwood 0.5700 

Birch 1800 

Glass 1977 

Steel  1165 


Densities  in  16  per  cu.  ft. 

.Stonework 160 

Wood 40 

Slate 170 

Plaster 90 


Table  28-51.     Specific  Heats  of  Various  Substances  f 


Solids 


degrees  Specific 

fahrenheit  "^" 

Copper 59-460  0.0931 

Gold 32-212  .  0316 

Wrought  iron 59-212  .  1152 

Cast  iron 68-212  .  1200 

Steel  (hard) 68-208  .  1175 

Steel  (soft) 68-208  .1165 

Zinc 32-212  .0935 

Brass   (yellow) 32  .0883 


Temperature,* 

degrees  Specific 

fahrenheit  heat 

Glass  (normal  Iher.  16'")..  ••     66-212  0.1988 

Lead 59  .0299 

Platinum 32-212  .0323 

Silver 32-212  .0559 

Tin 105-6t  .0518 

Ice 5040 

Sulphur  (newly  fused) .2025 


Liquids 


Water 

.\lcohol 

Mercury 

Benzol 

Glycerine 

Lead  (melted). 


degrees 

fahrenheit 

59 

1  0000 

132 

0.5175 

1176 

.7694 

32 

.  3346 

(.50 

.4066 

1122 

1502 

.59-102 

to  360 


Temperature,*  g      jg^ 

degrees  *"[,     ^ 
fahrenheit 

Sulphur  I  melted ) 246-297  0 .  2350 

Tin  (melted) .637 

Sea-water  (sp.gr.  1.0043) 64  .980 

Sea-water  (sp.gr.  1.0463) 64  .903 

Oil  of  turpentine 32  411 

Petroleum 64-210  .  498 

Sulphuric  acid 68-133  .  3363 

OUveoil 309 


Gases 


\k 

Oxygen .  .  . 
Nitrogen .  . 
Hydrogen . 


Tempera- 

Specific 

Specific 

ture,* 

heat  at 

heat  at 

degrees 

constant 

constant 

fahrenheit 

pressure 

volume 

32-392 

0.2375 

0.1693 

5.5-405 

.2175 

.  15.53 

32-392 

.  2438 

.1729 

51-388 

3.4090 

2.4141 

ure  alone  is  gi 

-en  the  "true" 

specific  heat 

Tempera-        Specific  Specific 

ture,*             heat  at  heat  at 

degrees          constant  constant 

fahrenheit      pressure  volume 

Carbon  monoxide. .  .  .      U-208     0.  2425  0. 1728 

Carbon  dioxide 52-417       .  2169  .  1535 

Methane 64-406       .  5929  .  4505 

Blast-fur.  gas  (approx.) 2277        

Flue  gas  (approx.) 2 100        


♦  When  one  temperat 
range  of  temneratiire  eiver 
tHarding  and  Willard 


i  given;  otherwise  the  value  is  the  " 

Table  28-52.     Tensile  Strength  of  Materials 
Average  value  in  pounds  per  square  inch 


a"  specific  heal  for  the 


.\ntimony 1053 

.Muminura — castings 15000 

sheet 24000 

bars 28000 

Brass— yellow 26880 

Bronz(^-cast 34000 

delta  metal-cast  14800 
"    roUed  67200 

gun  metal 32000 

phosphor 40000 

"  manganese 62720 

Tobin 78500 

Copper— cast 22400 

sheet 30240 

wire 40000 

Cast  Steel 80000 


Gold 20384 

Iron— cast 25000 

■■   18000 

wrought 45000 

Lead— cast 1800 

rolled  sheet 3320 

Platinum  wire 53000 

Puddled  serai-steel 

35000  to  42000 

Silver— cast 40000 

Steel— cast 60000  to  80000 

forgings.     60000  to  95000 

Tin— cast 3360 

Zinc — cast 3360 

sheet ....  15680 


Woods 

.\sh .11000 

Beech 11500 

Cedar 10300 

Chestnut 10500 

Elm 13000 

Hemlock 8700 

Hickory 12800 

Locust 20500 

Maple 10500 

Oak— white 10253 

Pinfr— white 10000 

yellow....  12600 

Spruce 10000 

Walnut,  black...  9286 


to  17000 
to  18000 
to  11400 

to  13489 

to  18000 
to  24800 
to  10584 
to  19500 
to  12000 
to  19200 
to  19500 
to  16000 


Tabic  28-53.     Lineal  Expansion  of  Solids  at  Ordinary  Temperatures 

(Tabular  values  represent  increase  per  fool  per  100-deg.  increase 
in  temperature,  fahr.  or  cent.) 


Substance 


Temperature 
conditions^ 
deg.  fahr. 


Coefficient  per  100 
deg.  fahr. 


Coeflicient  per  100 
deg.  cent. 


Brass  (cast) 

Brass   (wire) 

Copper 

Glass  (Engli.sh  flinl  1 

(;i..s<  (French  flint). 

(.c,M    

<  ir:inili'  (average) .  . 
Iron  (cast) 


Iron  (soft  forged) . 

Iron  (wire) 

Lead 

IMercury 


Platinum 

Limestone 

Silver 

Steel  (Bessemer  rolled,  liardl. 

Steel  I  Bessemer  rolled,  soft  1 . 

Steel  UMsl,  Krench) 

.Steel  (east  aimealed,  English) 


32  to  212 
32  to  212 
.32  to  212 
32  to  212 

32  to  212 

32  to  212 

32  to  212 

104 

0  to  212 
32  to  212 
32  to  212 
32  to  212 

104 

32  to  212 

104 

0  to  212 

0  to  212 
104 
101 


001042 

.001875 

001072 

. 001930 

000926 

. 001666 

OOOl.'Sl 

.000812 

(too  18 1 

. 000872 

(KKJlild 

.001470 

(K)0 1«2 

. 000868 

000.^89 

.001061 

000634 

.001141 

000800 

.001440 

001505 

. 002709 

009984f 

.0179711 

000499 

. 000899 

000139 

.000251 

001067 

.001921 

00056 

.00101 

00063 

.00117 

00073 1 

.001.322 

000608 

. 001095 

*  Where  raage  of  temperature  is  giv 
t  Coeflicient  of  cubical  expansion 


Table  28-54.     Decimal  Equivalents  of  Fractions  of  an  Inch 


Fractions 

Decimals 

Fractions 

Decimals 

Fractions 

Decimals 

'^ 

A 

.01.5625- 
.03125 
.046875 
.0625 

If 
If 

\i 

H 

.3.59375 
.375 
.390625 
.40625 

If 
If 

u 

.703125 
.71875 
.734375 
.75 

_5_ 

A 

H 

.078125 
.09375 
.109375 
.125 

If 

M 

1% 

.421875 
.4375 
.453125 
.46875 

If 
If 

fi 

fi 

.765625 
.78125 
.796875 
.8125 

ft 

A 

.140625 
.15625 
.171875 
.1875 

-a 
li 

li 

X/ 

.484375 
.5 

.515625 
.53125 

If 
If 

"A 

ji 

.828125 
.84375 
.859375 
.875 

H 

.203125 
.21875 
.234375 
.25 

ii 

^. 

.546875 
.5625 
..578125 
.59375 

li 
If 

'k 

\\ 

.890625 
.90625 
.921875 
.9375 

d 

T7 

ft 

.265625 
.28125 
.296875 
.3125 

If 

!i 

.609375 
.625 
.640625 
.65625 

If 

if 

fi 

V 

.953125 
.96875 
.984375 
1.00 

e 

ih 

.328125    U 
.34375 

11 

.671875 
.6875 

Table  28-55.    Decimals  of  a  Foot  for  Inches  and  Fractions  of  an  Inch 


Incb 

0" 

1" 

2" 

3" 

4" 

S" 

6" 

7" 

8" 

9" 

10" 

11" 

0 

0 

.0833 

.1667 

.2500 

.3333 

.4167 

.5000 

.  5833 

.6667 

.7.500 

8333 

.9167 

T2 

.0026 

.  0859 

.1693 

2526 

.3.3.59 

.4193 

.5026 

.5859 

.6693 

.7526 

8359 

.9193 

A 

.0052 

.  0885 

.1719 

.  2552 

.  3385 

.4219 

.5052 

.  5885 

.6719 

.7552 

8385 

.9219 

A 

.0078 

.0911 

.1745 

!2578 

.3411 

.4245 

.5078 

.5911 

.6745 

.  7578 

8411 

.9245 

38 

.0104 

.0937 

.1771 

.2604 

.  3437 

.4271 

.5104 

.5937 

.6771 

.7601 

8437 

.9271 

A 

.01.30 

.0964 

.1797 

2630 

.3464 

.4297 

.51.30 

.  5964 

.6797 

.7630 

8461 

.9297 

* 

.01.56 

.0990 

.1823 

.  2656 

.3490 

.4323 

.5156 

.5990 

.6823 

.7656 

8490 

.9323 

32 

.0182 

.1016 

.1849 

.2682 

.3516 

.4349 

.5182 

.6016 

.6849 

.7682 

8516 

.9349 

¥ 

.0208 

.1042 

.  1875 

.2708 

.3542 

.4375 

.5208 

.6042 

.6875 

.7708 

8542 

.9375 

32 

.0231 

.1068 

.1901 

.2734 

.3568 

.4401 

.5234 

.6068 

.6901 

.7731 

8568 

.9401 

16 

.0260 

.1094 

.1927 

.2760 

.3594 

.4427 

.5260 

.6094 

.6927 

.7760 

8594 

.9427 

M 

.0286 

.1120 

.  19.53 

.2786 

.3620 

.4453 

.5286 

.6120 

.6953 

.7786 

8620 

.9453 

H 

.0312 

.1146 

.1979 

.2812 

.3646 

.4479 

.5312 

.6146 

.6979 

.7812 

8616 

.9479 

M 

.0339 

.1172 

.2005 

.2839 

.3672 

.  4505 

.5339 

.6172 

.  7005 

.7839 

8672 

.9505 

16 

.  0365 

.1198 

.  2031 

.  2865 

.3698 

.4.531 

.5365 

.6198 

.7031 

.  7865 

8698 

.9531 

M 

.0391 

.  1224 

.  2057 

.2891 

3721 

.4557 

.5391 

.6224 

.  7057 

.7891 

8724 

.9557 

K 

.0117 

.1250 

.  2083 

.2917 

.  37.50 

.4583 

.5417 

.6250 

.7083 

.7917 

.  87.50 

.9583 

iT 

.0443 

.1276 

.2109 

.2913 

.3776 

.4609 

.5443 

.6276 

.7109 

.  7943 

8776 

.9609 

A 

0469 

.1302 

.2135 

.2969 

.  3802 

.  4635 

.5469 

.6302 

.7135 

.7969 

8802 

.9635 

H 

.0195 

.1328 

.2161 

.  2995 

.  3828 

.4661 

.  5495 

.6328 

.7161 

.  7995 

8828 

.9661 

?s 

.0.521 

.1354 

.2188 

.  3021 

.  3854 

.4688 

.5521 

.6354 

.7188 

.8021 

8854 

.9688 

a 

.  0547 

.1380 

.2211 

.  3047 

.  3880 

.4714 

.5547 

.6380 

.7214 

.8017 

8880 

.9714 

a 

.0573 

.1406 

2240 

3073 

.  .3906 

.  4740 

.5573 

.6406 

.7240 

.  8073 

8906 

.9740 

M 

.  0599 

.1432 

.2266 

.  3099 

.3932 

.4766 

.5599 

.6432 

.  7266 

.8099 

8932 

.9766 

It 

.  0625 

.  14.58 

.2292 

.3125 

.  3958 

.4792 

.  5625 

.  6458 

.7292 

.8125 

.  8958 

.9792 

32 

.0651 

.1484 

.2318 

.3151 

.3981 

.4818 

.  .5651 

.6484 

.7318 

.8151 

8981 

.9818 

T6 

.0677 

.1510 

.2344 

.3177 

.4010 

.4811 

.5677 

.6510 

.  7344 

8177 

9010 

.9844 

a 

.0703 

1536 

.2370 

.3203 

.  4036 

.  4870 

.5703 

.6536 

.7370 

.  8203 

.9036 

.9870 

yi 

.0729 

.1562 

.2396 

.3229 

.4062 

.4896 

.5729 

.6562 

.  7.396 

.8229 

.9062 

.9896 

a 

.  0755 

.1.589 

.2422 

.3255 

.4089 

.4922 

.  5755 

.6589 

.  7122 

.  8255 

.9089 

.9922 

15 

0781 

.  1615 

.2448 

.3281 

.4115 

.4918 

.  .5781 

.6615 

.  7448 

.8281 

.9115 

.9948 

M 

.0807 

.1641 

.2474 

.3307 

.4141 

.4974 

.5807 

.6641 

.7474 

.  8307 

9141 

.9974 

1 

1.0000 

Table  28-56. 

Decimals  of 

a  Foot 

Equiv 

alent 

to  Inches  and  Fractions 

of  an  Inch 

Inches 

0" 

y>" 

M" 

H" 

i" 

H" 

H" 

%■' 

0 

0 

.01042 

.o: 

083 

. 03125 

.04166 

. 05208 

.  0625 

0 

07292 

1 

0833 

.  0937 

.  1042 

.1146 

.11 

;50 

.  1.354 

.1459 

1563 

2 

1667 

.1771 

.18 

75 

.1979 

.2083 

.2188 

.2292 

2396 

3 

2500 

.2604 

.27 

08 

.2813 

.2917 

.3021 

.3125 

3229 

4 

3333 

.3437 

.3= 

42 

.3646 

.3- 

•50 

3854 

.39.58 

4063 

5 

4167 

.4271 

.43 

75 

.4479 

.  4583 

.4688 

.4792 

4896 

6 

5000 

.5101 

.51 

08 

.5313 

..5417 

.  5521 

.  5625 

5729 

T 

5833 

.5937 

.  6042 

.6146 

.6: 

'50 

.6354 

.6459 

6563 

8 

6667 

.6771 

.6f 

75 

.6979 

.7083 

.7188 

.7292 

7396 

^ 

9 

7500 

.7601 

.  7" 

08 

.7813 

.7917 

.8021 

.8125 

8229 

10 

8333 

.  8437 

.sri 

42 

.  8646 

.8' 

50 

.8854 

.  8958 

9063 

11 

9167 

.9271 

.9? 

75 

.9179 

.9.- 

83 

.9688 

.9792 

9896 

Table  28-57. 


Circumferences  and  Areas  of  Circles 
Advancing  by  Eighths 


Diam. 

Circum. 

Area 

Diam. 

Circum. 

Area 

Diam. 

Ciicum. 

Area 

Diam. 

Circum. 

Area 

A 

. 04909 

.00019 

2  ^^ 

8.4430 

5.6727 

7. 

21.991 

.38.485 

U-H 

44.768 

1.59.48 

^ 

.09818 

.00077 

~  H 

8.6391 

5.9396 

M 

22  38  ^ 

39.871 

A 

45.160 

162. 30 

A 

.11726 

.00173 

a 

8.8357 

6.2126 

Va 

22.776 

41.282 

A 

45.. 5.53 

165.13 

A 

.19635 

. 00307 

H 

9.0321 

6.4918 

Vs 

23.169 

12.718 

Vs 

45.916 

167.99 

A 

.294.52 

. 00690 

H 

9.2284 

6.7771 

'A 

23.. 562 

41.179 

H 

46.338 

170.87 

Vs 

. 39270 

.01227 

% 

23.9.55 

45.664 

A 

46.731 

173.78 

4 

.49087 

.01917 

3. 

9.4248 

7.0686 

% 

24.347 

47.173 

. 58905 

. 02761 

A 

9.6211 

7.3662 

% 

24.740 

48.707 

15. 

47.124 

176.71 

A 

. 68722 

.03758 

H 

9.8175 

7.6699 

A 

47.. 51 7 

179.67 

_3_ 

10.014 

7.9798 

8. 

25.1.33 

.50.265 

H 

47.909 

182.65 

H 

.78540 

.04909 

H 

10.210 

8.29.58 

M 

25.. 525 

51.849 

Vs 

48.302 

185.66 

A 

.88357 

.06213 

A 

10.407 

8.6179 

H 

25.918 

53.456 

A 

48.695 

188.69 

.98175 

.07670 

H 

10  603 

8  9162 

H 

26.311 

.55.088 

Vs 

49.087 

191.75 

M 

1.0799 

.09281 

A 

10.799 

9.2806 

'A 

26.704 

.56.745 

H 

49.480 

191  83 

Js 

1.1781 

.11045 

'4 

10.996 

9.6211 

'A 

27.096 

58.426 

A 

49.873 

197.93 

M 

1 . 2763 

.12962 

Ts 

11.192 

9.9678 

H 

27.489 

60.132 

1.3744 

. 15033 

?8 

11  388 

10.321 

Vb 

27.882 

61 . 862 

16. 

50.265 

201 . 06 

JT 

1 . 4726 

. 17257 

16 

11.585 

10.680 

A 

.50.658 

204.22 

H 

11.781 

11.045 

9. 

28.274 

63.617 

A 

51.051 

207.39 

M 

1.5708 

.19635 

16 

11.977 

11.416 

H 

28.667 

65.397 

Vs 

51.414 

210.60 

H 

1.6690 

.22166 

Vs 

12.174 

11.793 

H 

29.060 

67.201 

A 

51.836 

213.82 

A 

1.7671 

. 24850 

15 

12.370 

12.177 

Vs 

29.4.52 

69.029 

Vs 

52.229 

217.08 

B 

1.8653 

. 27688 

A 

29.845 

70.882 

V4 

52.622 

220.35 

5^ 

1.9635 

. 30680 

1. 

12.566 

12. 566 

% 

30.238 

72.760 

A 

53.014 

223.65 

It 

2.0617 

. 33824 

A 

12.763 

12.962 

Va. 

30.631 

74.662 

2.1.598 

.37122 

¥ 

12.959 

13.364 

% 

31.023 

76.589 

17. 

53.407 

226.98 

2i 

2.2.580 

. 40574 

T6 

13.1.55 

13.772 

A 

53.800 

230.33 

H 

13.352 

14.186 

10. 

31.416 

78.540 

A 

54.192 

233.71 

?€ 

2.3562 

.44179 

_s_ 

13.548 

14.607 

Vs 

31 . 809 

80.516 

Vs 

54.. 585 

237.10 

H 

2.4544 

.47937 

\8 

13.744 

15.033 

M 

32.201 

82  .516 

A 

54.978 

240.53 

il 

2.5525 

. 51849 

13.941 

15.466 

% 

32.594 

84.541 

Vs 

55.371 

243.98 

a 

2.6507 

.55914 

'A 

14.137 

15.904 

A 

32  987 

86. 590 

H 

55.763 

247.45 

% 

2.7489 

.60132 

A 

14.334 

16.349 

% 

33.379 

88.664 

Vs 

56.156 

250.95 

II 

2.8471 

. 64504 

H 

14.530 

16.800 

H 

33.772 

90.763 

16 

2.9452 

. 69029 

16 

14.726 

17.2.57 

H 

34.165 

92.886 

18. 

56.549 

254.47 

M 

3.0434 

. 73708 

H 

14.923 

17.721 

A 

56.941 

258.02 

a 

15.119 

18.190 

11. 

34.5.58 

95.033 

A 

57. 334 

261 .  .59 

1. 

3.1416 

.7854 

% 

15  315 

18.665 

% 

.34.950 

97.205 

H 

57. 727 

265.18 

A 

3.3379 

.8866 

H 

15.512 

19.147 

H 

35.343 

99.402 

A 

58.119 

268.80 

Ks 

3.5343 

.9940 

% 

35 . 736 

101.62 

Vs 

58.512 

272.45 

A 

3.7306 

1.1075 

5. 

15.708 

19.6.35 

A 

36.128 

103.87 

% 

58.905 

276.12 

H 

3.9270 

1 . 2272 

A 

15.904 

20.129 

H 

36. 521 

106.14 

A 

59.298 

279.81 

A 

4.12.33 

1 . 3530 

Vi 

16.101 

20.629 

% 

36  914 

108.43 

?-8 

4.3197 

1.4849 

16 

16.297 

21.1.35 

% 

37.306 

110.75 

19. 

59.690 

283.53 

A 

4.5160 

1 . 6230 

M 

16.493 

21  648 

A 

60.083 

287.27 

34 

4.7124 

1.7671 

A 

16.690 

22  166 

12. 

37.699 

113.10 

A 

60  476 

291.04 

A 

4.9087 

1.9175 

^s 

16  886 

22.691 

A 

38.092 

115.47 

Vs 

60  868 

294.83 

5^ 

5.1051 

2.0739 

Te 

17.082 

23.221 

Vi 

38.485 

117.86 

A 

61  261 

298.65 

H 

5.3014 

2.2365 

'A 

17.279 

23.7.58 

% 

38.877 

120.28 

Vs 

61 . 654 

.302.49 

M 

5.4978 

2.4053 

A 

17.475 

24.301 

A 

39.270 

122.72 

H 

62  046 

306.35 

it 

5.6941 

2.. 5802 

% 

17.671 

24.8.50 

Vs 

39.663 

125.19 

Vs 

62.439 

310.24 

Vs 

5.8905 

2.7612 

16 

17.868 

25  406 

% 

40.0.55 

127.68 

n 

6.0868 

2.9483 

\i 

18.061 

25.967 

A 

40.418 

130.19 

20. 

62.832 

314.16 

16 

18.261 

26. 535 

A 

63.225 

318.10 

2. 

6.2832 

3.1416 

Vs 

18.457 

27.109 

13. 

40.841 

1.32  73 

A 

63.617 

322.06 

_L 

6.4795 

3.3410 

18.653 

27.688 

A 

41.233 

135.30 

% 

64.010 

326.05 

11 

6.67.59 

3. 5466 

A 

41 . 626 

137.89 

A 

64.403 

330.06 

A 

6.8722 

3.7.583 

6. 

18.850 

28.274 

% 

42.019 

140. 50 

Vs 

64.795 

334. 10 

M 

7.0686 

3.9761 

'8 

19.242 

29.465 

A 

42  412 

143.14 

A 

65.188 

338.16 

A 

7.2649 

4.2000 

'4 

19.635 

.30.680 

A 

42.804 

145.80 

A 

65.581 

.342.25 

5^ 

7.4613 

4.4301 

^S 

20.028 

31.919 

H 

43.197 

148.49 

A 

7 . 6576 

4.6664 

'2 

20.420 

.33.183 

A 

43.590 

151.20 

21. 

65.973 

.346.36 

'A 

7.8540 

4.9087 

?8 

20.813 

34.472 

A 

66.366 

350.56 

A 

8.0503 

5.1572 

% 

21.206 

35.785 

14. 

43.982 

153.94 

A 

66.759 

354.66 

M 

8.2467 

5.4119 

% 

21.598 

37.122 

A 

44.375 

1.56.70 

A 

67.152 

35S.84 

Table  28-57.    Circumferences  and  Areas  of  Circles 
Advancing  by  Eighths — Continued 


Diam. 

Circum. 

Area 

Diam. 

Circum. 

Area 

Diam. 

Circum. 

Area 

Diam. 

Circum. 

Area 

21.3^ 

67.544 

.363.05 

28.  M 

90.321 

649.18 

.36. 

113  097 

1017  9 

13  34 

1.35.874 

1469.1 

H 

67.937 

.367.28 

Vs 

90.713 

654.84 

Vs 

113.490 

1025.0 

Vs 

1.36.267 

1477.6 

H. 

68.330 

371 .  ,54 

Y 

113.883 

10,32.1 

V2 

1.36.659 

1486.2 

Vs 

68.722 

375.83 

29. 

91.106 

660, 52 

Y 

114.275 

1039.2 

Vs 

137.052 

1494.7 

Vs 

91.499 

666.23 

Y 

114.668 

1046.3 

Y 

137.445 

1503.3 

69.115 

380.13 

H 

91.892 

671.96 

Vs 

115.061 

1053.5 

Vs 

137.837 

1511.9 

'Vs 

69.508 

384.46 

H 

92.284 

677.71 

Y 

115.454 

1060.7 

Vi 

69.900 

388  82 

V2 

92.677 

683.49 

Vs 

115.846 

1068.0 

44. 

138.230 

1520.5 

% 

70.293 

393.20 

% 

93.070 

689.30 

Y 

138.623 

1529.2 

Yi 

70.686 

397.61 

H 

93.462 

695.13 

37. 

116  239 

1075.2 

Y 

139.015 

1.537.9 

H 

71 . 079 

402.04 

yk 

93.855 

700.98 

Y 

116.632 

1082.5 

Y 

139.408 

1,546.6 

H 

71.471 

406.49 

Y 

117.024 

1089.8 

Y 

139.801 

1555. 3 

H 

71.864 

410.97 

30. 

94.248 

706  86 

Y 

117.417 

1097.1 

Vs 

140.194 

1564.0 

Vs 

94.640 

712.76 

Y 

117.810 

1104.5 

Y 

140. 586 

1572.8 

23. 

72.257 

415.48 

Y 

95.033 

718.69 

Vs 

118.202 

1111.8 

Vs 

140.979 

1581.6 

Vs 

72.649 

420.00 

Vs 

95.426 

724.64 

Y 

118.596 

1119.2 

H 

73.042 

424.56 

Y2 

95.819 

730.62 

Vs 

118.988 

1126.7 

15. 

141.372 

1590.4 

Vs 

73.435 

129.13 

Vs 

96.211 

736.62 

Y 

141 . 764 

1599.3 

Yi 

73.827 

t33 . 74 

V4. 

96.604 

742  64 

38. 

119.381 

1134.1 

Y 

142.157 

1608.2 

Vs 

74.220 

438. 36 

Vs 

96.997 

748.69 

Y 

119.773 

1141.2 

Y 

142. 5,50 

1617.0 

H 

74.613 

443.01 

Y 

120.166 

1149.2 

Y2 

142.942 

1626.0 

Vs 

75.006 

447.69 

31. 

97.389 

754.77 

Y 

120.. 559 

1156.6 

Vs 

143.335 

1634.9 

Vs 

97.782 

760  87 

'2 

120.951 

1164.2 

Y 

143.728 

1643.9 

24. 

75.398 

452  39 

H 

98.175 

766.99 

Vs 

121.344 

1171.7 

Vs 

144.121 

1652.9 

Vs 

75.791 

457  11 

=  8 

98.567 

773.14 

Y 

121.737 

1179.3 

Y 

76.184 

461.86 

.'^ 

98.960 

779.31 

'Vs 

122.129 

1186.9 

16. 

144.513 

1661.9 

Vs 

76.576 

166  61 

'% 

99.353 

785.51 

3/8 

144.906 

1670.9 

Vi 

76.969 

471.44 

Va. 

99.746 

791.73 

39. 

122.522 

1194  6 

Y 

145.299 

1680.0 

Vs 

77.362 

176.26 

Vs 

100.138 

797.98 

Vs 

122^915 

1202.3 

Vs 

145.691 

1689.1 

% 

77.754 

481.11 

Y 

123.308 

1210  0 

V2 

146.084 

1698.2 

Vs 

78.147 

485.98 

32. 

100.531 

804.25 

Y 

123.700 

1217.7 

Vs 

146.477 

1707.4 

Y 

100.924 

810.54 

Y 

124.093 

1225.4 

Y 

146.869 

1716.5 

25. 

78.540 

490  87 

H 

101.316 

816.86 

Vs 

124.486 

1233.2 

Vs 

147.262 

1725.7 

Vs 

78.933 

495.79 

H 

101.709 

823  21 

Y 

124.878 

1241.0 

34 

79.325 

.500.74 

Y 

102.102 

829  58 

Vs 

125.271 

1248.8 

47. 

147.655 

1734.9 

Vs 

79.718 

.505.71 

Vs 

102.494 

835  97 

Y 

148.048 

1744.2 

V2 

80  111 

510,71 

H 

102.887 

842  39 

10. 

125.664 

12,56.6 

'i 

148.440 

1753.5 

H 

80.503 

515  72 

Y 

103.280 

848  83 

'8 

126.056 

1264.5 

's 

148.833 

1762.7 

H 

80.896 

520. 77 

Y 

126.449 

1272.4 

Y 

149.226 

1772.1 

Vs 

81.289 

525.84 

33. 

103.673 

.  855  30 

Y 

126.842 

1280.3 

=  8 

U9.618 

1781.4 

Y 

104.065 

861.79 

V2 

127.235 

1288.2 

^4 

1.50  on 

1790.8 

26. 

81.681 

.5.30.93 

Y 

101.458 

868.31 

Vs 

127.627 

1296.2 

Y 

150.404 

1800.1 

Vs 

82.074 

536.05 

Y 

104.851 

874.85 

I* 

128.020 

1301.2 

H 

82.467 

.541.19 

Y2 

105.243 

881 . 41 

',  8 

128.413 

1312.2 

18. 

150.796 

1809.6 

Vs 

82 . 860 

.546.35 

5  s 

105.636 

888.00 

Vs 

151.189 

1819.0 

V2 

83.252 

551 .  .55 

H 

106.029 

894.62 

n. 

128.805 

1320.3 

Y 

151.582 

1828.5 

Vs 

83.645 

.5.56.76 

Y 

106.421 

901 . 26 

!8 

129.198 

1328.3 

Vs 

151.975 

1837.9 

H 

84.038 

562.00 

Y 

129.591 

1336.4 

Y 

152, 367 

1847.5 

Vs 

84.430 

567.27 

,34. 

106.814 

907.92 

Y 

129.983 

1344.5 

's 

152.760 

1857.0 

Y 

107.207 

914.61 

Yz 

130.376 

1352.7 

Y 

153.153 

1866.5 

27. 

84.823 

572. 56 

Y 

107.600 

921.32 

'/k 

130.769 

1360.8 

Vs 

153.545 

1876.1 

Vs 

85.216 

577  87 

Y 

107.992 

928  06 

Y 

131.161 

1369.0 

Vi 

85.608 

.583  21 

i> 

108.385 

931.82 

Y 

131.554 

1377.2 

19. 

153.938 

1885.7 

5^8 

86.001 

.588. 57 

Vs 

108.778 

911.61 

's 

154.331 

1895.4 

V2 

86.394 

.593.96 

i      Y 

109.170 

948.42 

12. 

131.917 

1385.4 

>i 

1,54.723 

1905.0 

Vs 

86.786 

.599  37 

Vs 

109.563 

955.25 

Y 

132.340 

1393.7 

Y 

1,55  116 

1914.7 

Va, 

87.179 

601.81 

Y 

132.732 

1402.0 

i.i 

1,55, 509 

1924.4 

Vs 

87.572 

610.27 

35. 

109.956 

962.11 

Y 

1,33.125 

1110.3 

Y 

155.902 

1934.2 

]      Y 

110.348 

969.00 

Y 

133.518 

1U8.6 

Y, 

1,56.291 

1943.9 

28. 

87.965 

615.75 

Y 

110.741 

975.91 

Vs 

133.910 

1427.0 

',  8 

156.687 

1953.7 

H 

88.357 

621  26 

Y 

111.131 

982.81 

Y 

134.303 

1435.4 

Yi 

88.750 

626.80 

Y2 

111.527 

989 . 80 

Vs 

134.696 

1443.8 

,50. 

1,57,080 

1963.5 

H 

89.143 

6,32.36 

Vs 

111.919 

996.78 

Yi 

89.535 

637.91 

H 

112.312 

1000.38 

13. 

135.088 

1452.2 

Vs 

89.928 

613. 55 

Vs 

112.705 

1010.8 

Y 

135.481 

1460.7 

Table  28-58.    Fractional  Equivalents,  Powers  and  Roots  of  Numbers 


is 

1 

Num- 
ber 

Fr«c. 
equiv. 

Square 
root 

Cube 
root 

Square 

Cube 

o 

Num- 
ber 

Frac. 
equiv. 

Square 
root 

Cube 
root 

Square 

Cube 

a 

> 

> 

.01 

.1 

.2154 

.0001 

. 000001 

.802 

.3281 

fi 

.5728 

.6897 

.1077 

. 03533 

4.594 

.0156 

A 

.125 

.25 

. 0002441 

.00000.3815 

1.003 

.33 

.  5745 

.6910 

.1089 

.0.3.591 

4.607 

.02 

.  1414 

.2711 

.0001 

. 000008 

1 .  134 

34 

..5831 

.6980 

.1156 

. 03930 

4.677 

.03 

.  1732 

.3107 

.0009 

. 000027 

1 .  389 

3138 

M 

.  5863 

.  7005 

.1182 

. 04062 

4.702 

.0313 

A 

.1768 

.  31.50 

. 0009766 

. 00003052 

1.418 

.35 

.5916 

.7017 

.1225 

.01288 

4.745 

.Oi 

2 

.3420 

.0016 

. 00006 1 

1.601 

3591 

M 

.  5995 

.7110 

.1292 

.  0 16 11 

4 .  808 

.0169 

A 

!2165 

.  3606 

.002197 

.000103 

1 . 7.56 

.36 

.6 

.7111 

.1296 

. 0 1666 

4.812 

.05 

.2236 

.  3684 

.  0025 

.000125 

1.793 

.37 

.6083 

,7179 

.1369 

.  0,5065 

4.879 

.06 

.2449 

.3915 

.  0036 

. 000216 

1 .  965 

.  375 

H 

.6124 

.7211 

.  1406 

. 05273 

4  911 

.0625 

A 

.25 

.3968 

. 003906 

.0002441 

2.005 

.38 

.6164 

.  7243 

.  1444 

.0.5487 

4.944 

.07 

.2646 

.4121 

.  0049 

. 000343 

2  122 

.39 

.6245 

.7306 

.  1.521 

.05932 

5.009 

.0781 

^ 

.2795 

.4275 

.006101 

. 0004768 

2.  242 

.  3906 

M 

.625 

.7310 

,  1.526 

. 05960 

5.013 

.08 

.2828 

.  4309 

.  0064 

.000512 

2.269 

.4 

.  6325 

.  7368 

.16 

.64 

5.072 

.09 

.3 

.4481 

.0081 

.000729 

2.406 

.4063 

1? 

.  637  1 

.7106 

.  1 650 

. 06705 

5.112 

.0938 

A 

.3062 

.4513 

. 008789 

.0008210 

2.4.56 

.41 

.  6403 

.  7429 

.1681 

. 06892 

5  135 

.1 

.3162 

.  46 12 

.01 

.001 

2, 537 

.42 

.6181 

.  7  189 

.1761 

. 07409 

5.198 

.1091 

61 

.3307 

.4782 

.01196 

.001308 

2.6,53 

.4219 

fi 

.  6 195 

.75 

.1780 

. 07508 

5.209 

.11 

.3317 

.4791 

.0121 

.001331 

2.660 

.  43 

.  6557 

'.  75 18 

.1819 

. 07951 

5.259 

.12 

.3464 

.4932 

.  0144 

.001728 

2.778 

.4.375 

A 

.6614 

.  7.591 

1914 

. 08374 

5.305 

.125 

H 

.3536 

.5 

. 01562 

. 001953 

2.836 

.44 

.  6633 

.  7606 

.19.36 

.08518 

5.320 

.13 

.3606 

.5066 

.0169 

.002197 

2  892 

.45 

.6708 

.  7663 

.  2025 

.09113 

5, 380 

.14 

.3742 

.5193 

.0196 

. 00274 1 

3  001 

.  4531 

H 

.  6732 

.7681 

.  2053 

. 09304 

5.399 

.1406 

A 

.375 

.5200 

.01978 

.002781 

3.008 

.46 

.6782 

.7719 

.2116 

. 09734 

5.440 

.15 

.3873 

.5313 

.  0225 

. 003375 

3  106 

4688 

a 

.6847 

.7768 

.2197 

.1030 

5.491 

.1563 

A 

.  3953 

.5386 

.02411 

. 003815 

3.170 

.47 

.6856 

.  7775 

.  2209 

.  10.38 

5.498 

.16 

.4 

.5429 

.0256 

. 004096 

3.208 

.48 

.6928 

.  7830 

2301 

1106 

5  557 

.17 

.4123 

.  5540 

.0289 

.004913 

3.307 

.4811 

sx 

.  6960 

.  7853 

2316 

11,36 

5, 582 

.1719 

H 

.4146 

.  5560 

. 02954 

. 005077 

3.325 

19 

.7 

.7881 

.2101 

.1176 

5.614 

.18 

.4243 

.5646 

.  0324 

. 005832 

3  403 

.5 

Yi 

.7071 

.7937 

.125 

5.671 

.1875 

TS 

.433 

.  5724 

.03516 

. 006592 

3.473 

.51 

.7141 

.7990 

.2601 

.1327 

5.728 

.19 

.4359 

.5749 

.0361 

. 006859 

3  496 

.5156 

33 

.7181 

.8019 

.2658 

.1371 

5.759 

.20 

.4472 

.5848 

.04 

.008 

3.587 

.52 

.7211 

80 12 

.  2704 

.1406 

5.784 

.2031 

61 

.4507 

.5878 

.04126 

. 008381 

3.615 

.53 

.7280 

.  8093 

.2809 

.1489 

5  839 

.21 

.4583 

.5944 

.  0441 

009261 

3.675 

.5313 

11 

.7289 

.  8099 

.2822 

.1199 

5.846 

.2188 

T! 

.4677 

.  6025 

. 04785 

.01047 

3  751 

5 1 

.  7349 

81  13 

.2916 

.  1575 

5.894 

.22 

.4690 

.6037 

.0481 

. 01065 

3.762 

.  5 169 

If 

.7395 

.8178 

.2991 

.1636 

5.931 

.23 

.4796 

.6127 

.0529 

01217 

3.846 

.55 

.7116 

.8193 

.  3025 

.  1664 

5.948 

.2344 

15 

.4841 

.6165 

. 05493 

.01287 

3.883 

.56 

.  7 183 

.  82 13 

.3136 

.1756 

6.002 

.24 

.4899 

.6215 

.0576 

.01382 

3.929 

.  5625 

\f. 

.75 

.82.55 

.3161 

.1780 

6.015 

.25 

H 

.5 

.6300 

.  0625 

.  01.563 

4.010 

.57 

.7550 

.8291 

.  3249 

.  18.52 

6.055 

.26 

.5099 

.6383 

.0676 

.01758 

4.090 

.  5781 

e 

.  . 7603 

8330 

.  3342 

.1932 

6.098 

.2656 

ii 

.5154 

.  6428 

. 07056 

01874 

4.134 

.58 

.7616 

8310 

.  3361 

.1951 

6.108 

.27 

.5196 

.6463 

.0729 

. 01968 

4  167 

.59 

.7681 

8387 

.3181 

.2054 

6.161 

.28 

.5292 

.  6542 

.  0784 

02195 

4.244 

.  5938 

H 

.7706 

.  8405 

.3525 

.2093 

6.180 

.2813 

^ 

.5303 

.6552 

.07910 

. 02225 

4.253 

.6 

.  77 16 

.  8434 

.36 

.2160 

6.212 

.29 

.5385 

.6619 

.0841 

. 02439 

4.319 

.6091 

e 

.7806 

8178 

,3713 

.2263 

6.261 

.2969 

61 

.5448 

.6671 

.08814 

.02617 

4.370 

.61 

.7810 

8181 

,3721 

.2270 

6.264 

.30 

.  5477 

.  6694 

.09 

.027 

4.393 

.62 

.  7874 

.  8527 

.  38 14 

.2383 

6.315 

.31 

.5568 

.6768 

.0961 

.02979 

4.466 

.625 

58 

.7906 

.  8.550 

.  3906 

.2441 

6.341 

.  3125 

^ 

.5590 

.6786 

, 09766 

. 03052 

4.483 

.63 

.7937 

.  8573 

.3969 

.2500 

6.366 

.32 

.5657 

.6840 

.1024 

. 03277 

4.537 

.64 

.8 

.8618 

.4096 

.2621 

6.416 

Table  28-58.    Fractional  Equivalents,  Powers  aiul  Roots  of  Numbers — Continued 


Num- 
ber 

Frac. 
equiv. 

Square 
root 

Cube 
root 

Square 

Cube 

o 

Number 

Frac. 
equtv. 

Square 
root 

Cube 
root 

Square 

Cube 

d 

> 

> 

.6406 

li 

.8001 

.8621 

.4104 

.2629 

6.419 

.96 

.9798 

.  9865 

.9216 

,8847 

7.8.58 

.65 

,  8062 

.8662 

.4225 

.2746 

6.466 

.9688 

ii 

.9813 

.  9895 

.  9385 

.9091 

7.894 

.6.i63 

ii 

.8101 

.8690 

.4307 

.2826 

6,497 

.97 

.9819 

.9899 

,9409 

.9127 

7  899 

.66 

.8121 

.8707 

.  4356 

.2875 

6.516 

.98 

.9899 

.  9933 

,9601 

,9H2 

7.940 

.67 

.8185 

.8750 

.4189 

.  3008 

6. 565 

.9844 

a 

.9922 

,9948 

.9690 

.  95.38 

7.9.57 

.6719 

ii 

.8197 

.  8759 

.4511 

.  3033 

6. 574 

.99 

.  9950 

.9967 

.9801 

.9703 

7.980 

.68 

.8246 

.8791 

.  1624 

.3144 

6.614 

1. 

1. 

1. 

1. 

1. 

8.021 

.6875 

H 

.8292 

.8826 

.4727 

.  3249 

6.6.50 

1.1 

1.019 

1 .  032 

1.21 

1 .  .331 

8  412 

.69 

.8307 

.  8837 

.4761 

.  3285 

6.662 

1.2 

1.095 

1.063 

1    11 

1.728 

8.786 

.70 

.8367 

8879 

.19 

.31,30 

6.710 

13 

1   14 

1.091 

1.69 

2  197 

9  115 

.7031 

n 

839.'. 

8892 

.  49 1 1 

.3176 

6  725 

1.4 

1.183 

1   119 

1  96 

2.744 

9  490 

.71 

8126 

.8921 

.5011 

.  3579 

6  7.58 

1.5 

1.225 

1.1145 

2.25 

3,375 

9.823 

.7188 

13 

.8178 

.  8958 

.5166 

.3713 

6.799 

1.6 

1 .  265 

1.170 

2. 56 

4,096 

10  14 

72 

.  8485 

.8963 

.  5184 

.3732 

6.805 

1.7 

1 .  304 

1.193 

2.89 

4,913 

10.45 

.13 

.  8544 

.  9004 

.5329 

.  3890 

6.853 

1.8 

1  .342 

1.216 

3  24 

5.832 

10.76 

.7344 

il 

.8570 

.9022 

.  5393 

.  3961 

6.873 

1.9 

1.378 

1 .  239 

3  61 

6.859 

11.06 

.74 

.8602 

.  9045 

.  5476 

.  4052 

6  899 

2. 

1.414 

1   260 

1. 

8. 

11  31 

.75 

H 

.8660 

.9086 

.  5625 

.4219 

6  916 

2'l 

1 .  449 

1  281 

4  41 

9  261 

11.62 

.76 

.8718 

.  9126 

.  5776 

.  1.390 

6  992 

2  2 

1 .  483 

1   301 

1  84 

10.65 

11  90 

.7656 

f-J 

.  875 

.9148 

.  5862 

.4488 

7.018 

2^3 

1.517 

1.320 

5  29 

12.17 

12.16 

.77 

.  8775 

.9166 

.  5929 

.  4565 

7.038 

2.4 

1  519 

1.339 

5.76 

13.82 

12.43 

.78 

.8832 

.  9205 

.6084 

.4746 

7.083 

2.5 

1  581 

1 .  357 

6.25 

15,63 

12.68 

.7813 

If 

.8839 

.9210 

.6104 

.4768 

7.089 

2.6 

1.612 

1 .  375 

6.76 

17. 58 

12.93 

.79 

.8888 

.9244 

.6241 

.4930 

7.129 

2.7 

1.643 

1.392 

7.29 

19,68 

13.18 

.7969 

Ii 

.8927 

.9271 

.  6350 

.  5060 

7.1.59 

2.8 

1.673 

1 .  409 

7.81 

21  95 

13.42 

.8 

.  8944 

9283 

.64 

.5120 

7.171 

2  9 

1.703 

1    126 

«  41 

24,39 

13.66 

.81 

.9 

.9322 

.  6561 

.5314 

7.218 

3. 

1.732 

1 .  442 

9. 

27, 

13.89 

.8125 

H 

.9014 

.9331 

.6602 

.  5361 

7.229 

3.1 

1.761 

1.458 

9.61 

29.79 

14.12 

.82 

.  9055 

.  9360 

.6724 

.  5514 

7.263 

3.2 

1.789 

1.474 

10.24 

32.77 

14.35 

.8281 

if 

.9100 

.9391 

.6858 

.  5679 

7.298 

3.3 

1.817 

1.489 

10  89 

35.94 

14  57 

.83 

.9110 

.  9398 

.6889 

.5718 

7 .  307 

3.4 

1.844 

1.504 

11.56 

39.30 

14  79 

.84 

.9165 

.9435 

.  7056 

.5927 

7  351 

3.5 

1.871 

1.518 

12.25 

42.88 

15.01 

.8438 

a 

.9186 

.9149 

.7120 

.6007 

7.367 

3.6 

1.897 

1 .  .533 

12.96 

46.66 

15.22 

.85 

.9219 

.9473 

.7225 

.6141 

7.394 

3.7 

1.924 

1.547 

13.69 

50.65 

15.43 

.8594 

u 

.9270 

.  9507 

.7385 

.  6347 

7.4.35 

3.8 

1 .  949 

1.560 

14.44 

54.87 

15.64 

.86 

.9274 

.9510 

.7396 

.6361 

7.438 

3.9 

1.975 

1.574 

15.21 

59.32 

15  85 

.87 

.9327 

.9546 

.  7569 

.6585 

7.481 

4. 

2, 

1 .  587 

16. 

64. 

16.04 

.875 

Vb 

.  9354 

.  9565 

.  7656 

.6699 

7. 502 

4.1 

2' 025 

1   601 

16  81 

68.92 

16.24 

.88 

.  9.381 

.  9583 

.  7744 

.6815 

7. 524 

4.2 

2.049 

1.613 

17.64 

74.09 

16.44 

.89 

.9431 

.9619 

.7921 

.7050 

7.566 

4.3 

2.074 

1.626 

18.49 

79.51 

16.63 

.8906 

H 

.9437 

.9621 

.7932 

.7065 

7.569 

4.4 

2.098 

1.639 

19.36 

85.18 

16.82 

.9 

.9487 

.9655 

.81 

.7290 

7.609 

4.5 

2,121 

1.651 

20.25 

91.13 

17.01 

.9063 

3J 

.9520 

.9677 

.8213 

.7443 

7.635 

4.6 

2.145 

1,663 

21.16 

97.34 

17.20 

.91 

.9539 

.9691 

.8281 

.7536 

7.651 

4.7 

2.168 

1,675 

22.09 

103.8 

17.39 

.92 

.9.592 

.9726 

.  8464 

.7787 

7.693 

4.8 

2.191 

1.687 

23.04 

110.6 

17.57 

.9219 

n 

.9601 

.9732 

.  8 199 

.7835 

7.701 

4.9 

2.214 

1.698 

24.01 

117.6 

17.75 

.93 

.  9644 

.9761 

.  8619 

.8044 

7.734 

5. 

2,236 

1.710 

25. 

125. 

17.93 

.9375 

TT 

.9682 

.9787 

.8789 

.8240 

7.766 

.94 

.  9695 

.9796 

.  8836 

.8306 

7.776 

.95 

.9747 

.9831 

.9025 

.8574 

7.817 

.9531 

ii 

.9763 

.9840 

.9084 

.8659 

7.830 

Table  28-59.     Comparison  of  Wire  Gauges 

Thickness  in  decimals  of  un  inch 


a 

B 

2 

HI 

S 

u 

n 

1 

|6 

^1 

•0  c 

1 

In 

S 

■El 

n 

1 

II 

3 

•o  a 

3 

o 

<l^ 

i 

B^ 

^5 

» 

3 

o 

X 
^ 

5c« 

§2 

•g55 

D 

0000000 

,490 

.500 

,5 

23 

.02257 

.025 

.  0258 

.  024 

.027 

. 028125 

000000 

.1800 

.460 

.464 

.46875 

24 

.02010 

.022 

.0230 

.022 

025 

.025 

00000 

.  516.S 

.4.30 

.432 

.4375 

25 

.01790 

.020 

.  020 1 

020 

.023 

.021875 

0000 

.  1600 

.4.54 

,3938 

.400 

,454 

.40625 

26 

.01594 

.018 

.0181 

.018 

0205 

.01875 

000 

.1096 

.425 

,3625 

.372 

,425 

.375 

27 

,01420 

.016 

.0173 

0164 

.0187 

.0171875 

00 

.  .3648 

.380 

.3310 

.348 

.380 

34375 

28 

.01264 

.014 

0162 

0148 

0165 

.015625 

0 

.3249 

.340 

.3065 

.324 

.340 

3125 

29 

.01126 

013 

0150  (I13h 

01.55 

. 01 10625 

1 

.2893 

.300 

.2830 

,300 

.300 

.28125 

30 

. 01003 

012 

.0110  0124 

01.372 

.0125 

2 

.2576 

.284 

.2625 

.276 

.284 

, 265625 

31 

. 008928 

.010 

.0132 

0116 

.0122 

. 0109375 

"$ 

.2291 

.2.59 

.2437 

.252 

.259 

,25 

32 

. 007950 

.009 

0128 

0108 

0112 

.0101.5625 

4 

.  2043 

.238 

.  2253 

232 

238 

. 234375 

33 

. 007080 

.008 

0118 

0100 

0102 

009375 

5 

.1819 

.220 

.2070 

212 

22 

.21875 

31 

. 006305 

007 

,0101  0042 

(l(l'»,5 

(I(»;i59375 

6 

.  1620 

.203 

1920 

192 

.203 

.203125 

35 

.005615 

.  005 

.00<».')  (IIIKI 

(l(l>lll 

11(178125 

7 

.  1443 

.180 

.1770 

.176 

.18 

.  1875 

36 

005000 

004 

. 0090,  0076 

0075 

.00703125 

8 

.  1285 

.165 

.1620 

.160 

.165 

,171875 

37 

. 004453 

0085 

0068 

0065 

. 006640625 

9 

11 H 

.148 

.  1 183 

.144 

.148 

. 15625 

38 

. 003965 

.  0080 

0060 

0057 

. 00625 

10 

.1019 

.131 

.1350 

.128 

13 1 

. 1406^5 

39 

. 003531 

.  0075 

0052 

0050 

11 

. 09074 

.120 

.1205 

.116 

.12 

.125 

40 

. 0031 15 

0070 

0018 

.0015 

12 

. 08081 

.109 

.  10.55 

.104 

.109 

. 109375 

41 

. 002800 

.  0044 

13 

.07196 

.095 

.0915 

.092 

.095 

. 09375 

42 

, 002494 

.  0040 

11 

. 06408 

.  083 

0800 

.080 

083 

. 078125 

43 

002221 

.0036 

15 

.05707 

.072 

0720 

072 

.  072 

0703125 

44 

.001978 

.0032 

16 

0,5082 

065 

0625 

064 

065 

0625 

45 

001761 

0028 

17 

. 04526 

.0.58 

.  0540 

.056 

.058 

.0,5625 

46 

,001568 

.0024 

18 

. 04030 

.049 

.0475 

.048 

.049 

,05 

47 

,001397 

,0020 

19 

. 03589 

.012 

.0410 

.040 

.  040 

, 04375 

48 

.001244 

,0016 

20 

.03196 

.  035 

.0318 

.036 

.035 

.0375 

49 

.001018 

.0012 

21 

. 02846 

,032 

.03175 

.032 

.0315 

. 034375 

50 

. 0009863 

,0010 

22 

. 02535 

,028 

,0286 

.028 

.0295 

.03125 

Table  28-60.     Useful  Factors 

1       I    /tT   c  \/  =  231  cu.  in. 
Igal.  (U.S.),^0J3368^^  fj 

1  gal  (British)   =  277.274  cu.  in. 
1  cu.  ft.   =  7.4805  gal. 
1  cu.  ft.  water  at  60  (leg.  fahr.   =  62.37  lb. 
1  gal.  water  at  60  deg.  fahr.   =  8.34  lb, 
1  cu.  ft.  water  at  212  deg.  fahr.    =  59.76  lb. 
1  gal.  water  at  212  deg.  fahr.   =  7.99  lb, 
1  barrel  water  at  60  deg.  fahr.   =  31  '4  gal,  =  262.7  lb. 

,  .     ,  /  =  1 }  s"ft,  or  13.6  in.  water 

1  inch  mercuryj  ^  ^,.491  lb.  per  sq.  in. 
1  lb,  per  sq,  in,  pressure   =  2.304  ft.  water  at  60  deg.  fahr. 
Height  of  a  column  of  water  in  feet  X  0.434   =  lb.  pressure  per  sq.  in. 
A  column  of  water  1  sq,  in,  and  2}^  ft.  high    =  approximately  1  lb. 


1  calorie  =  3.97  B.t.u. 

1  kilogram  =  2.2046  lb. 

Calories  per  kilo  X  1,8  =  B.t.u.  per  lb. 

1  kilowatt  (1000  watts)  =  1,3405  hp. 

1  horsepower  =  0.746  kw. 

1  kUowattl  =  l^.,\^^;"-  P"  t"- 
{  =  3414  B.t.u.  per  hour 


■12.4  B.t.u,  per  min. 
1  mech.  horsepower^  =  2545  B.t.u,  per  hour 
[  =  33000  ft.  lb.  per  min. 
1  boiler  horsepower  =  33479  B.t.u.  per  hour 
1  B.t.u.   =  778  ft.  lb. 
1  ft.  lb.  per  sec.    =  1.356  watts 
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Table  28-61.    Standard  Gauges  of  Sheet  Metal 


U.  S.  Standard 

Birmi 

ngham  or  Stubs 

No.  of 

Thicknes 

,  inches 

Weight  per 

sq.  ft.  in  lb. 

Thickness,  inches 

Weight  per  sq.  ft.  in  lb. 

No.  of 

gauge 

Fractions 
1-2 

Decimals 

Iron 

Steel 

Fractions 

Decimals 

Iron 

Steel 

gauge 

7-0 

.5 

20.00 

20.4 

(Approi.) 

7-0 

6-0 

15-32 

.46875 

18.75 

19.125 

6-0 

5-0 

7-16 

.4375 

17.50 

17.85 

5-0 

4-0 

13-32 

.40625 

16.25 

16.575 

29-64 

.454 

18   16 

18   .)2 

4-0 

3-0 

3-8 

.375 

15.00 

15.30 

27-61 

.425 

17.00 

17.31 

3-0 

2-0 

11-32 

. 34375 

13.75 

U.025 

3-8 

.38 

15.20 

15.50 

2-0 

0 

5-16 

.3125 

12.50 

12.75 

11-32 

.34 

13.60 

13.87 

0 

1 

9-32 

.28125 

11.25 

11.475 

19-64 

.3 

12.00 

12.24 

1 

2 

17-64 

. 265625 

10.625 

10.8375 

9-32 

.281 

11.36 

U  .59 

2 

3 

1-4 

.25 

10. 

10.2 

17-61 

.259 

10.36 

10.57 

3 

I 

15-64 

.234375 

9.375 

9.5625 

15-64 

.238 

9. 52 

9.71 

4 

5 

7-32 

.21875 

8.75 

8.925 

7-32 

2'' 

8.80 

8.98 

5 

6 

13-64 

.203125 

8.125 

8.2875 

13-64 

!203 

8.12 

8.28 

6 

7 

3-16 

.1875 

7.5 

7.65 

3-16 

.18 

7.20 

7.31 

7 

8 

11-64 

.171875 

6  875 

7.0125 

.165 

6.60 

6.73 

8 

f) 

5-32 

.1.5625 

6.25 

6.375 

5-32 

.148 

5.92 

6  01 

9 

'     10 

9-61 

.140625 

5.625 

5.7375 

9-61 

.  131 

5.36 

5.47 

10 

11 

1-8 

.125 

5 

5.1 

1-8 

.12 

4  80 

4.90 

11 

12 

7-6 1 

. 109375 

4.375 

4.4625 

7-61 

.109 

4  36 

4.  15 

12 

13 

3-32 

. 09375 

3.75 

3.825 

3-32 

.095 

3.80 

3.88 

13 

It 

5-61 

. 078125 

3.125 

3.1875 

5-64 

.083 

3  32 

3.39 

14 

15 

9-128 

.0703125 

2.8125 

2.86875 

.072 

2.88 

2.91 

15 

16 

1-16 

.0625 

2.  5 

2.55 

1-16 

.065 

2.60 

2.65 

16 

17 

9-160 

. 05625 

2.25 

2.295 

.058 

2.32 

2.37 

17 

18 

1-20 

.05 

-■ 

2.04 

3-6 1 

.049 

1.96 

2.00 

18 

19 

7-160 

. 04375 

1 .  75 

1 .  785 

.042 

1.68 

1.71 

19 

20 

3-80 

.0375 

1.50 

1.53 

.035 

1 .  10 

1.43 

20 

21 

11-320 

. 03 1375 

1.375 

1 . 4025 

1-32 

.032 

1.28 

1.31 

21 

22 

1-32 

.03125 

1.25 

1.275 

.028 

1   12 

1.14 

22 

23 

9-320 

.028125 

1 .  125 

1.1475 

.025 

1.00 

1.02 

23 

24 

1-JO 

025 

1. 

1.02 

.022 

.88 

.90 

24 

25 

7-320 

.021875 

.875 

.8925 

.02 

.80 

.82 

25 

26 

3-160 

.01875 

.75 

.  765 

.018 

.72 

.73 

26 

27 

11-610 

0171875 

^6875 

.70125 

1-64 

.016 

.64 

.65 

27 

28 

1   64 

.015625 

.625 

.6375 

.014 

.56 

.  57 

28 

29 

9-640 

.0140625 

.5625 

.57375 

.013 

52 

..53 

29 

30 

1-80 

.  0125 

.5 

.51 

.012 

.48 

.49 

30 

31 

7-640 

.0109375 

.4375 

.44625 

.01 

.40 

.41 

31 

32 

13-1280 

.01015625 

. 40625 

.414375 

.009 

.36 

.37 

32 

33 

3-320 

.009375 

.375 

.3825 

.008 

.32 

.33 

33 

34 

11-1280 

. 00859375 

.34375 

. 350625 

.007 

.28 

.29 

34 

35 

5-640 

.0078125 

.3125 

.31875 

.005 

.20 

.20 

35 

36 

9-1280 

00703125 

.28125 

. 286875 

.004 

.16 

.16 

36 

37 

17-2560 

. 00664062 

.265625 

. 2709375 

37 

38 

1-160 

. 00625 

.25 

.255 

38 

Table  28-62.     Measures  of  Weight,  Contents  and  Area 


Long  Measure 
12  inches  =  1  foot. 

3  feet  =  1  yard. 
5J2  yards  =  1  rod. 

4  rods  =  1  chain. 

10  chains  =  1  furlong. 
8  furlongs  =  1  mile. 

Li 

4  gills  =  1  pint. 

2  pints  =  1  quart. 

4  quarts  =  1  gallon. 


Square  Measure 
1 14  square  inches  =  1  square  foot. 
9  square  feet  =  1  square  yard. 
30  J  4  square  yards  =  1  square  rod. 
160  square  rods  =  l  acre. 
640  acres  =  1  square  mile. 


313'2  gallons  =  1  bEurel. 
2  barrels  =  1  hogshead. 


Cubic 

1728  cubic  inches  =  1  cubic  foot. 
27  cubic  feet  =  1  cubic  yard. 
24.75  cubic  feet  =  1  perch. 
128  cubic  feet  =  1  cord. 


Avoirdupois  Weight 
16  ounces  =  1  pound. 
100  pounds  =  1  hundredweight. 
20  cwt.  =  1  ton. 


Table  28-63.     Mensural  ion  of  Surfaces  ami   \ Kluriies 

Area  of  rccliiiif^U'  =  Iciiglli  X  breadth. 

Area  of  triaiifjli^  =  base  X  H  perpendicular  luifilit. 

Dianiotor  of  circle  =  radius  X  2. 

Circumference  of  circle  =  diameter  X  3.1416. 

Area  of  circle  =  square  of  diameter  X  .785 i. 

area  of  circle  X  number  of  degrees  in  arc. 

Area  of  sector  of  circle  =  

360 

Area  of  surface  of  cylinder  =  circumference  X  length  +  area  of  two  ends. 

To  lind  the  diameter  of  circle  having  given  area:    Divide  the  area  by  .78.'jl,  and  e.xtract  the  square  root. 

To  find  the  volume  of  a  cylinder:    Multiply  the  area  of  the  section  in  square  inches  by  the  length  in  inches 

=  the  volume  in  cubic  inches.    Cubic  inches  H-  1728  =  volinne  in  cubic  feet. 
Surface  of  a  sphere  =  square  of  diameter  X  3.1116. 
Solidity  of  a  sphere  =  cube  of  diameter  X  .5236. 
Side  of  an  inscribed  cube  =  radius  of  a  sphere  X  1.15 17. 
Area  of  the  base  of  a  pyramid  or  cone,  whether  round  square  or  triangular,  Miulli[)lied  by  one-third  of  iUs 

height  =  the  solidity. 
Diam.  X  .8862  =  side  of  an  equal  square. 

Diam.  X  .7071  =  side  of  an  inscribed  square.  -  =  proportion  of  circumference  to 

Radius  X  6.2832  =  circumference.  diameter  =  3.1U.5926. 


Circumference  =  3.5M6  X  V  area  of  circle.  n-»  =  9.86960 11. 

Diameter  =  1.1283  X  v^  area  of  circle.  V'^  =  1-7724538. 

Length  of  arc  =  no.  of  degrees  X  .017453  radius.  Ix)g.     ir  =0.49715. 

Degrees  in  arc  whose  length  equals  radius  =  57°  2958'.  1/- =  0.31831. 

Length  of  an  arc  of  1  deg.  =  radius  X  .017543.  1/360  =  .002778. 

Length  of  an  arc  of  1  min.  =  radius  X  .0002909.  360/- =  114.59. 
I^ength  of  an  arc  of  1  sec.  =  radius  X  .0000018. 


Table  28-64.     Electrical  Units 

Volt — The  imit  of  electrical  motive  force.     Force  required  to  send  one  ampere  of  current  through  one  ohm 

of  resistance. 
Ohm — Unit  of  resistance.     The  resistance  offered  to  the  passage  of  one  ampere,  when  impelled  by  one  volt. 
Ampere — Unit  of  current.     The  current  which  one  volt  can  send  through  a  resistance  of  one  ohm. 
Coulomb — Unit  of  quantity.     Quantity  of  current  which,  impelled  by  one  volt,  would  pass  through  one  ohm 

in  one  second. 
Farad — Unit  of  capacity.     A  conductor  or  condenser  which  will  hold  one  coulond)  under  the  pressure  of  one 

volt. 
Joule — Unit  of  work.     The  work  done  by  one  watt  in  one  second. 
Watt — The  unit  of  electrical  energy,  and  is  the  product  of  ampere  and  volt.     That  is,  one  ampere  of  current 

flowing  under  a  pressure  of  one  volt  gives  one  watt  of  energy. 
One  electrical  horsepower  is  equal  to  746  watts. 
One  kilowatt  is  equal  to  1,000  watts. 
To  find  the  watts  consumed  in  a  given  electrical  circuit,  such  as  a  pump  motor,  multiply  the  volts  by  the 

amperes. 
To  find  the  volts,  divide  the  watts  by  the  amperes. 
To  find  the  amperes,  divide  the  watts  by  the  volts. 

To  find  the  electrical  horsepower  required  by  a  motor,  divide  the  watts  of  the  motor  by  746. 
To  find  the  mechanical  horsepower  necessary  to  generate  the  required  electrical  horsepower,  divide  the  latter 

by  the  efficiency  of  the  generator. 
To  find  the  amperes  of  a  given  circuit,  of  which  the  volts  and  ohms  resistance  are  known,  divide  the  volts  by 

the  ohms. 
To  fmd  the  volts,  when  the  amperes  and  ohms  are  known,  multiply  the  amperes  by  the  ohms. 
To  find  the  resistance  in  otuns,  when  the  volts  and  amperes  are  known,  divide  the  volts  by  the  amperes. 


Table  28-71.     Conversion  of  Fahrenheit  and  Centigrade  Temperatures 

9  5 

Formulae:  fahr.  =  -^  cent.  +  32  deg.  cent.  =        (fahr.  —  32  deg.) 


FAHR.     CENT. 

^^ 

10  = 

—-10 

= 

20  = 

— 

— 

— 

30  = 

— 

..-^          0   1 

Freezing — 

— 

40  = 

= 

— 

50  = 

^  10 

= 

— 

60  = 

— 

= 

—  20 

— 

70  — 

— 

= 

— 

80  = 

■ — 

= 

—  30 

90  = 

E 

100= 

— 

FAHR.    CENT. 

=^  40 

110  = 

— 

= 

-— 

120'-"' 

50 

— 

— 

130 

— 

^z 

— 

140= 

"~  60 

— 

1  ^n 

— 

~  70 

160  — 

= 

— 

170  = 

—  80 

= 

180  = 

— 

= 

190= 

"  90 

= 

— 

200  = 

FAHR.     CENT. 

-33 

— 



210  = 

— 

.,.—^100  1 

Boiling 

— 

220  = 

— 

230  = 

—  110 

I=Z 

— 

'>dC\ 

—  120 

= 

^ 

250— _         1 

= 

— 

— 

260  = 

— 

= 

—  130 

270= 

— 

EE 

280= 

^ 

—  140 

290= 

— 

HZ 

— 

300  = 

— 

FAHR. 

CENT. 

— 

150 

— 

— 

310  = 

= 

—  160 

320  = 

= 



— 

= 

— 

r— 170 

340  — 

— 

= 

— 

350= 

—  180 

= 

360  = 

— 

= 

370= 

—  190 

— 

380= 

— 

— 

390  = 

— 

— 

200 

— 

— 

400  = 

General  Index 


See  also  the  following  additional  indexes:  Tables,  page  362;  Webster  Service 
Details,  page  364;  Webster  Apparatus,  page  366. 


Afouiiiulalor,  water  (see  water  accuiiuiliitor) .  . . 

Acid,  tiirtaric,  manufacture  of 196 

Air,  capacity  of  various  siz(«  of  pipes,  (table) ...   69 

ducts,  area  of,  for  indirect  radiators 51 

<lucts,  method  of  sizing 68 

ducts,  sized  by  frill  ion  loss  method 68-69 

duets,  sized  by  \  eloeit y  iiietliod 68 

ehiuinalion,     iniportanei'     of,     in     dry     kiln 

coils 181,186 

heat     required     to     raise;     temperature     of, 

(tables) 72.  73 

infiltration 31-33 

infiltration,  B.  t.u.  required  for,  (table) 33 

infiltration,  double-hunf^  windows,  (chart) ....   32 

infiltration,  example  of 33 

infiltration,  experiment  on 32 

pressure  loss  in  ducts,  (chart) 70 

properties  of,  (table) 331 

quantities  required  for  ventilation,  (table) ....   67 

recirculation  of,  in  industrial  plants 67 

removal  devices,  modulation  system 162 

removal  from  coils  in  dry  kilns 181 

resistance  of  elbows,  (table) 71 

-separating  tanks,  description  and  dimensions 

of 261^266 

-separating  tanks,  discharge  of  returns  through, 111' 
-separating  tanks,  plain,  method  of  connecting 

returns  from  vacuum  pump 144 

-separating  tanks,  water-control,  method  of 
connection  to  vacuum  pump  and  to  feed- 
water  heater 145 

supply,  cold,  for  schools 61 

supply  for  class  rooms 61 

supply,  proper 60 

velocities  for  fan  system,  public  buildings ....   67 
velocities  for  fan  systems,   various   types  of 

buildings,  (table) 68 

Altitude,   effect   upon   boiling   point   of   water, 

(table) 332 

effect  upon  design  of  chimney 87 

Anchor  points,  allowable  distance  between 283 

Anthracite  coal,  heat  values  of,  (tables) .  .  .340,  341 
Apartment  buildings,  considerations  leading  to 
selection  of  type  of  heating  system  for. . .  97,  109 

operating  pressure 239 

Architectural  features,  effect  upon  selection  of 

type  of  heating  system 103 

Area,  measures  of,  (table) 351 

Areas  of  circles,  (table) 346-347 

Attachments  for  Sylphon  traps  (see  Trap  attach- 
ments) 

Auditoriums,  ventilation  of 63 

Automatic  pump  and  receiver,  connections  for 

discharge  from  vacuum  pump 149 

Avoirdupois  weights,  (table) 351 


Bain  marie  (see  Kitchen  equipment) 

Ball  check  valves  (see  Modulation  vent  valves) 

Banquet  hall,  ventilation  of 64 

Basement  radiation,  method  of  draining,  modu- 
lation system 229,  232 

Belt  driven  vacuum  pumps 143 

Bends,  effect  of,  upon  flow  of  steam  through 

pipes,  (table) 115 

Bituminous  coal,  heat  values  of,  (table) 339-340 


Blanket  warmers  (see  Hospital  equipment) 

Blast  heaters,  connections  for 22.5-227 

Blower  sections,  connections  for 225-227 

Boiler  feed  pump  and  receiver,  connections  for 

discharge  from  vacuum  pump 149 

feed  pump  ((nitrolled  by  air-separating  tank, 

connrclidiis  fur 149 

feeder,  eomiiilions  with  double-control  hydro- 
pneumatic   tank   and   geared-type  vacuum 

pump 147 

feeder,  description  and  dimensions  of 274 

rooms,  size  of 94,  108 

tubes,  dimensions  of,  (table) 317 

Boilers,  basis  for  rating 89 

cast  iron  type 106 

efficiency  of 91 

high-pressure,    as    used    in    connection    with 

vacuum  systems 107 

metlioil  liir  eleiining 93 

moduhilicjii   sy^tem  connections  for   thermo- 
static and  for  time  clock  control  of  damper 

regulator 231 

modulation   system   connections   for   parallel 

operation 2.30 

necessity  for  withstanding  corrosion  in 106 

priming  of 93,  105 

proportions  of 90 

required  firing  periods  for 93 

return  tubular,  dimensions  of,  (table) 330 

selection  of  proper  type  of 105-108 

water  space  of 90 

Boiling    point   of   water   at    various    altitudes, 

(table) 332 

Botanical  gardens  (see  Greenhouses) 

Brass  tubes,  diameters  and  lengths  of,  (table) . . .  315 

British  thermal  unit,  definition  of 9 

Building,  size  and  type  of,  for  determining  choice 
of  heating  system 97 

Calorific  values  of  coal 340 

Candy,  manufacture  of 196 

Capacitv,  air-carrying,  of  various  sizes  of  pipes, 

(table) 69 

definition  of 233 

Carpenter,  Prof.  R.  C.. 112 

Ceilings,  heat  transmission  factors  for 30 

Centrigrade,  conversion  to  fahrenheit  scale. . .  .353 

Central  station  heat _. 107 

Check  valves,  special,  for  modulation  systems, 

application  details  of 268,  269 

Chemical  plants,  exhaust  ventilation  for 65-66 

Chinmey  fining,  dimensions  of  standard  sizes  of. .  75 

Chimneys,  effect  of  altitude  upon  design  of 87 

for  house  heating  boilers 74 

capacity  of,  (table) 76-77 

linings  for,  (table) 75 

proportioning  of 74 

for  power  boilers 78 

procedure  for  proportioning 79 

Churches,  considerations  leading  to  selection  of 

type  of  heating  system  for 100 

ventilation  of 63 

Circles,  circumferences  and  areas  of,  (table) .  346-347 

Clearance,  vacuum  pumps 139 

Cloth-drying  machines,  appUcation  of  Webster 

apparatus  to 190 
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Cloth-drviii^  uiachines.  description  of 190 

Coal,  anthracite,  heat  vaUiesof,  (table)     .    .340-34^1 

bituminous,  heat  values  of,  (table) 339-3-10 

calorific  value  of,  (table) 340 

grate  areas  required  for  burning,  (table) 92 

rates  of  combustion  of,  (table) 92 

Coals,  classification  of 339-340 

Coffee  urns  {see  Kitchen  equipment) 

Coils,  continuous  luailer  t\pe.  in  dry  kilns      .    .182 

design  of,  for  luiiibir  ilry  kilns 183 

drainage  of 220-221 

pipe,  limit  of  length  of 43 

pipe,  surface  in  square  feet  of,  (table) 56-57 

sectional  header  type  in  dry  kilns 184 

vertical  header  type  in  dry  kilns 185 

Cold  air  ducts,  area  of,  for  indirect  radiation  .  .  .    54 

Combination  gauges 26" 

connections  for .268 

Combination  systems,  vacuum  and  modulation.  100 

Combustion  rates  for  various  coals,  (table) 92 

Computation  sheets  for  example  of  factory  heat 

requirements 40-41 

Computation  sheets  for  example  of  residence  heat 

requirements 38-39 

Computations,    for   direct    and   indirect   radia- 
tion  55—58 

for  indirect  radiation 53-54 

Condensation,  losses  in  steam  piping 113 

products  of 12 

saving  due  to  return  to  boilers 13 

Condensed  milk  {see  Condensories) 

Condensing  engines,  bleeding  receiver  of 175 

Condensories,  application  of  Webster  system  to . .  196 

Connections,  details  of,  to  indirect  radiator 52 

offset,  (table) 319 

Conserving  system,  description  of 173 

typical  layout  of 173 

Conserving  valves,  description  and  dimensions  of.  273 

illustration  of 174 

Contents,  measures  of,  (table) 351 

of  round  tanks,  (table) 335 

Controllers,  Hylo  {see  Hylo  controllers) 
Cooking,    steam    appliances    for    {see    Eatchen 

equipment) 
Copper  tubes,  diameters  and  lengths  of,  (table)  .315 
Costs  of  direct  cast  iron  radiation,  relative ....  51-52 

Critical  velocities  in  radiator  run-outs 132-134 

Critical  velocity,  definition  of 132 

Cube  roots  of  numbers,  (table) 348-349 

Cubic  measure,  (table) 351 

Damper  control  for  boilers 94 

Damper  regulators,  description  and  dimensions  of  .271 
method  of  control  by  thermostat  and  by  time 

clock 231 

use  in  connection  with  conserving  valve 175 

Dampers,  air  volume,  at  branch  ducts 72 

Data  required  for  design  of  steam  heating  sys- 
tems     15 

Decimal  equivalents  of  fractions,  (table) .  .  .  348-349 

equivalents  of  inches,  (table) 344-345 

Densities  of  materials,  (table) 342 

Differential-type  return  trap,  description  of ... .  155 
Differential  pressures  through  traps  and  valves  .238 

Direct  radiation,  definition  of 11 

e.xample  of  computation  of 55,  58 

heat  emission,  (table) 45 

heat  emission  with  varying  room  temperature.   47 
heat  emission  with  varying  steam  pressure ...   46 

relative  costs  of  cast  iron,  (table) 51-52 

with  exhaust  systems 66 

Direct-indirect  radiators,  data  for 55 


Direct-indirect  radiators,  description  of 55 

Direct-indirect  system  of  ventilation 60 

Dirt,  effect  of,  on  size  of  return  mains 13 

Dirt  strainers,  description  of 259 

dimensions  of 260 

Disposal  of  condensation  in  vacuum  systems .  .  .  171 

Doors,  heat  transmission  factors  for 28 

Double-control  hydro-pneumatic  tanks,  descrip- 
tion and  dimensions  of 276-277 

used  in  connection  with  geared-type  vacuum 

piunp  and  boiler  feeder 147 

Double-service  valves 164 

description  and  dimensions  of 252-254 

ratings  of 237 

typical  installation  detail  of 253 

Down-feed  riser,  definition  of 12 

draining  through  radiator  220,  253 

Down-feed  systems,  modulation 163 

vacuum 167-168 

Draft,  chimney,  definition  of 78 

intensity  of,  (formula) 79 

losses 80 

losses  in  boiler,  ( formula  ^ 84 

losses  in  flues,  (formula) 83 

losses  in  furnace,  (formula) 84 

losses  in  stack,  (formula) 81 

required  for  VEU'ious  fuels,  (chart) 85 

DragUfts 263 

Dry  kikis 179 

causes  of  trouble  in 181 

design  of  pipe  coUs  for 183 

important  features  of  design  of 181 

plans  showing  use  of  continous-header  coil  in  182 
plans  showing  use  of  sectional-header  coil  in  .  184 
plans  showing  use  of  vertical-header  coil  in     .  185 

temperature  with  exhaust  steam  in 181 

temperature  with  live  steam  in 183 

use  of  exhaust  steam  in 181 

Dry  returns,  methods  of  connections  for  modu- 
lation systems 228-229 

modulation  systems 162,  164 

Drying,  cloth 190 

improper  methods  of  lumber 179 

paper 192 

yarn 188 

Ducts,  air-carrying,  capacity  of  various  sizes  of, 

(table) ' 69 

air  pressure  loss  in,  (chart) 70 

area  of,  for  indirect  radiation 54 

comparison  of  friction  in  round  and  rectangular  71 

hot-air,  with  hot  blast  system 66 

method  of  sizing 68 

resistance  of  air  in  elbows  of,  (table) 71 

tnmk    line    system,    sized    by    friction    loss 

method 68-69 

trunk  line  system,  sized  by  velocity  method . .  68 
imderground  masonry,  for  schools 62 

Economizer,  vapor,  and  suction  strainer,  des- 
cription and  dimensions  of 261-262 

Economy,  feed-water  heaters,  (table) 301 

Economy  of  returning  condensation  to  boiler   . .   13 
Efficiency,  increase  in,  for  radiation  with  shield.   51 

decrease  in,  with  enclosed  radiators 50 

heating  tests  of  return  traps  for 154 

Elbows,  friction  of  water  in,  (table) 336 

resistance  of  air  in,  (table) 71 

Electrical  units,  definitions  of 352 

Electric-driven  vacumn  pumps 137,  172 

for  vacuum  systems  using  low-pressure  boilers.  173 
use  of,  in  schools,  churches,  etc.,  for  inter- 
mittent heating 100 
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Enclosed  radiator,  with  grilles 49 

decreased  cfliciency  of,  (table) 50 

Enclosure  for  radiators -18 

Engine,  horsepower  of 329 

Evaporation,  IraUer,  measurement  of 313 

Expansion,  joints,  allowable  distances  between 

anchor  points  of 283 

joints,  description  and  dimensions  of .  .  .  .278-282 

loops  in  risers 216 

of  solids,  lineal,  (table) 344 

of  wTought  iron  pipe,  (table) 318 

Exposure  and  protective  conditions 15 

Extra-hea\'y  fittings,  dimensions  of,  (table), 324-327 

flanges,  dimensions  of,  (table) 324 

iron  pipe,  dimensions  of,  (table) 317 

pactories,  removal  of  fumes  or  dust  in 65 

Factors,  basic,  for  heat  transmission 25 

Factory,  examples  of  computation  sheet  of  heat 

requirements  for 40-41 

plan  showing  heat  requirements  for 37 

Fans,  sizes  and  arrangement  of 72 

Feeder,  boiler  (see  Boiler  feeder) 

Feed-water  heater,  gravity  return  to .... 222 

economy  of,  (chart) 301 

steam-control  type,  typical  connections  to ...  .  304 
water-control  type,  typical  coimections  to.   .  .303 

Webster,  description  of 302-313 

dimensions.  Class  EB 310 

dimensions.  Class  EBP 311 

dimensions.  Class  EF 313 

dimensions.  Class  EFP 312 

Fire  protection  for  exposed  water  hydrants 195 

Fireplace 60 

Fittings,    cast    iron,    screwed,    dimensions    of, 

(table) 319 

effect  of,  upon  steam  flow 115 

extra-heavyflanged,dimensionsof,  (table) .  324-327 

extra-heavy  flanged,  rules  for 324 

lift  (see  Lift  fittings) 

standard  flanged,  dimensions  of,  (table) . .  320-323 

standard  flanged,  rules  for 320 

Flanges,  extra-heavy,  dimensions  of,  (table) . .  .  .324 

standard,  dimensions  of,  (table) 320 

Float-type  return  trap,  description  of 154 

Floors,  above  cold  space,  heat  transmission  fac- 
tors for 29 

laid  on  ground,  heat  transmission  factors  for. .   30 

Flow  of  steam  through  pipes 110 

Flow  of  water,  through  ellwws,  (table) 336 

through  pipes,  (table) 337 

Flues,  chimney  (see  Chimney  flues) 

Food  products,  manufacture  of 204 

Fractional  equivalents  of  decimals,  (table)  .  348-349 

Friction,  air  in  ducts,  (chart) 70 

round  and  rectangular  ducts,  comparison  of 

losses,  (chart) 71 

steam  in  pipes Ill 

water  in  elbows,  (table) 336 

wafer  in  pipes,  (table) 337 

Fuel  sa\Tng  by  preheating  feed  water 301 

Fuels,  draft  required  for  different,  (chart) 85 

Fumes,  removal  of 65 

Furnaces  for  steam  boilers 90 

Gallon  of  water,  weight  at  various  temperatures 
of,  (table) 335 

Gauges  (see  Combination  gauges) 

combination  (see  Combination  gauges) 

Hylo 178 

sheet  metal,  (table) 351 

typical  connections  of 150 


Gauges,  vrire,  comparison  of,  (table) 350 

Geared-type  vai^uum  pump 146 

connections  with  boilir  fioder  and  doubl<M;on- 
Irol  h\iln)-[iiii-i]iiiiitic  tank 117 

with  singlc-ioiitrol  hvdro-pneumatic  tank.  .  .  .146 
Generator,  hot-water  (see  Hot-water  generator) 

Glass,  roof,  heat  transmission  factors  for 29 

Governor,   vacuum   pump    (see   Vacuum   pump 
governor) 

typical  connections  for 151 

Grade  of  pipe,  effect  upon  critical  velocity  of.  . .  133 
Grate  surfaces  for  various  grades  of  coal,  (table) .   92 

Grates  for  steam  boilers 90 

Gravity,  indirect  radiation,  definition  of 11 

drips,  hydraulic  head  for 119 

Grease  traps,  description  of 257 

dimensions  of 258 

method  of  connecting,  for  draining  of  oil  sepa- 
rator  255 

Greenhouses,  application  of  Webster  systems  to. 205 
GriUe  enclosure  for  radiators 49 

Heads    of   water   corresponding    to    pressures, 

(table) 333 

Heat  absorbing  capacity  of  materials 19 

absorption  by  stored  materials 10 

content 9 

emission  of  direct  radiation,  (table) 45 

percentage  of  variation  of,  (chart) 44 

with  var)  ing  room  temperatures,  (chart) ....   47 

with  varying  steam  pressures,  (chart) 46 

head 21 

location  and  character  of  source  of 15 

loss  required  for  air  infiltration,  (table) 33 

losses  through  monitors 24 

required  to  raise  temperature  of  air,  (tables)72,  73 

requirements 10 

computation  sheet  for  factory 40-41 

computation  sheet  for  residence 38-39 

example  of  factory 36 

example  of  residence 35 

for  stored  materials 35 

method  of  calculating 34 

plan  of  factory 37 

where  heating  is  not  continuous 35 

specific,  definition  of 9 

stratification,  iUustration  of 23 

transmission,  basic  factors  for 25 

transmission  factors,  ceilings 30 

doors 28 

floors  above  cold  space 29 

floors  laid  on  ground 30 

interior  walls 25 

roof  construction 28 

roof  glass  and  skylights 29 

walls,  brick 26 

waUs,  clapboard 25 

waUs,  concrete  faced  with  brick 26 

walls,  concrete  faced  with  stone 27 

walls,  corrugated  iron 26 

waUs,  hard  stone  or  concrete 27 

waUs,  hoUow  tile 27 

walls,  hoUow  tUe  faced  with  brick 26 

walls,  sandstone  or  limestone 27 

walls,  stucco  on  studs 26 

windows 28 

windows  above  datum 28 

wood  partitions 28 

transmission  rates,  fundamental  conditions. . .  21 

transmitted  through  steam  pipes 116 

units,  definitions  of 9 

values  of  various  kinds  of  coal,  (table) . . .  339-341 
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Heater-meter,  Webster-Lea,  description  of.  313-31 1 
Heaters,  blast  (see  Blast  heaters) 

feed-water  (see  also  Feed-water  heaters) 
feed-water,    connections    from    water-control 

air-separating  tank 1 15 

method  of  calculating  size  of 72 

Heating,  initial 9 

Heating  efBciency,  tests  of  return  traps  for 151 

surface  of  pipe  coils,  (table) 56-57 

surface,  boiler 90 

surface,  character  and  location  of 19 

surface,  method  of  computing  and  selecting.. .  42 
systems,   basic  data   required  for  the  design 

of 15 

systems,  hot  blast 66 

Heavy-duty  traps,  connection  for  coils  drained 

through  one  trap  in  lumber  dry  kilns 187 

high-differential  type,  apphcation  to  drainage 

of  vacuum  pan 201 

high-differential  type,  description  and  dimen- 
sions of 249 

method  of  running  return  pipe  in  lumber  dry 

kilns 187 

sectional  drawing  of 225 

Series  19T,  description  of 247 

Series  19T,  dimensions  of 249 

Series  19T,  ratings  of 2.39 

use  in  lumber  dry  kilns 182,  186 

High-differential  heavy-duty  traps  {see  Heavy- 
duty  high  differential  traps) 

High-duty  vent  trap 163 

application  of 120 

High-pressure  Sylphon  traps,  application  for  hos- 
pital equipment 202 

application  for  kitchen  equipment 203 

apphcation  to  hydrants  to  prevent  freezing. .  .195 

description  and  dimensions  of 275 

tj'pical  installation  for  railroad  switches 194 

Horsepower,  boiler 89 

of  an  engine 329 

of  return  tubular  boilers,  (table) 330 

Hospital  equipment,  apphcation  of  Webster  sys- 
tems to.  .  . . 202 

Hospitals,   considerations   leading   to   choice  of 

type  of  heating  system  for '■ 107 

Hot  air  ducts,  area  of,  for  indirect  radiation  ...   54 
Hot  blast  heating  system  for  industrial  plants .  .   66 

Hot  water   generator,   connections   for 

222.  227,  229 
Hot  water  pattern  radiation,  connections  for .  .  .  43 
Hotels,  considerations  leading  to  selection  of  type 

of  heating  system  for 106 

Humidity.  . 59 

relative  indoor 19 

Hydrauhc  head  for  gra\ity  drips 119 

Hydro-pneumatic  tanks,  description  antl  dimen- 
sions of 276-277 

discharge  to 147 

double-control,  connections  with  geared-type 

vacimm  pump  and  boiler  feeder 147 

selection  of  size  of 138,  142 

single-control,    connections   with   geared-type 

vacuum  pump 146 

Hylo  controllers 178 

controllers,  dimensions  of 272 

gauges 178 

systems,  typical  connections  of  special  appa- 
ratus   177 

traps 1  "8 

traps,  dimensions  of 2.2 

vacuum  systems,  description  of 176 


Impurities,  lack  of,  in  distilled  water 13 

in  condensation 12 

Indirect  radiation,  connection  for  air  supply  of.   65 

definition  of 1 1 

example  of  computation  of 55-58 

formulae  for  computing 54 

method  of  computing 53-54 

methods  of  heating  by 53 

with  exhaust  systems 66 

Indirect  radiator,  details  of  connection  to .....  .   52 

Indirect  stacks,  connections  for '.  .  .225-227 

Indirect  system  of  gravity  ventilation 60 

Industrial  plants,  exhaust  ventilation  for 65 

hot  blast  systems  for 66 

Infiltration,  air 31 

B.t.u.  required  for,  (table) 33 

double-hung  windows,  (chart) 32 

example  of 33 

Initial  heating  period 10 

Initial  velocity  of  steam  flow,  (table) 110 

Inleakage  of  air  to  piping  of  vacuum  system, 

effect  of 122 

Inside  temperature  requirements,  (table) 18 

Intermittent  use  of  building,  effect  upon  design 

of  heating  system 100 

Iron  pipe,  dimensions  of,  (table) 316-317 

Joints,  expansion  {see  Expansion  joints) 

Kettles,  cooking  (see  Kitchen  equipment) 

Kilns,  lumber  drying 179 

causes  of  trouble  in 181 

construction  of 180 

design  of  pipe  coils  for 183 

important  features  in  design  of .  181 

plans  showing  use  of  continuous  header  coils  in. 182 
plans  showing  use  of  sectional  header  coils  in.  183 
plans  showing  use  of  vertical  header  coils  in.  .  185 

Kitchen,  heating  equipment  for 106 

heating    equipment,    application    of   Webster 

systems  to 203 

ventilating  equipment  for 64 

Laboratory  tests  of  return  traps 153 

Lift  fittings,  application  for  "step-up"  lifts 139 

Series  20,  description  of 263 

Series  20,  dimensions  of 264 

typical  apphcation  of 263 

Lift  pockets  (see  Lift  fittings) 

Lifts,  drag _ 263 

method  of  design  for  "step-up" 139 

Liquid  measure,  (table) ■ 351 

Location  of  building,   effect   upon   selection   of 

design  of  heating  system 101 

Lock-shield  modulation  valves 170 

Long  measure,  (table) 351 

Loss,  friction,  in  round  and  rectangular  ducts. 

(chart) 71 

Lubricator,  force-feed 170 

sight-feed 170 

sight-feed,  typical  connections  of 151 

Lumber-drying,  improper  methods  of 179 

yins 179 

kilns,  causes  of  trouble  in 181 

kilns,  important  features  in  design  of 181 

processes 17'9 

tests 180 

Machinery,  heat-absorbing  capacity  of 19 

Mains,  dripping,  in  vacuum  system 167 

method  of  dripping 21.t 

ratingsfor  vacuum  and  mo(hilation  return  128-129 
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Mains,    ratings    for    vaiimiu    and     iiKiiliilMlion 

supply.... 1:28-1J9 

steaui  (see  Hiscrs) 

supply  anil  return,  dolinilion  of 12 

Material,  densities  of,  (table) 312-313 

specific  heals  of,  (table) 3 12 

tensile  strength  of,  (table) 313 

weights  of,  (table) 3U 

Measures  of  pressure,  comparison  of,  (table). . .  .334 

Mechanical  indirect  radiaticm,  dclinilion  of 11 

Mechanical  laboratory,  illusliatiun  of 152 

Meeting  rooms,  ventilation  of 61 

Mensuration  of  surfaces  and  volumes 332 

Meter-heater  (see  Heater-meter) 
Milk  coiuleiisories  {see  Condensories) 

Modulaticin  s\shiu,  advantages  of 109 

basement,  radiators  for 162 

classes  of  structures  for  application  of 96 

descriptions  of 161 

down-feed 163 

dry  return 162,  161 

elements  of  a 95 

layout  of  typical 160 

pressiu'e  drop  in 116 

proportioning  of  return  mains  for 121 

proportioning  of  steam  mains  for 121 

removal  of  air  in 1 62 

return  mains  and  risers  in 162 

sizes  of  supply  and  return  pipes,  (table) .  .128-129 

specification  for  typical 289 

supply  mains  and  risers  in 162 

taking  steam  from  street,  description  of 164 

up-feed 163 

various  types  of 162 

w  et  return 163-164 

with  boiler  pressures  up  to  10-lb.,  description 

of .....162 

with  boiler  pressures  up  to  50-U).,  description 

of 163 

with  pump  and  receiver 164 

Modulation  valves,  lock-shield  type 170 

omission  of 103 

Type  \V,  description  of 250 

dimensions  of 252 

ratings  of 237 

with  chain  attachment,  description  of 252 

with  chain  attachment,  installation  details  of  251 

with  e.xtended  stem 252 

vacuum  systems 1 69 

Modulation  vent  traps 162 

description  and  dimensions  of 268-270 

typiccd  installation  details  of 268-269 

Modulation    vent    valves,    application     details 

of 268-271 

description  and  dimensions  of 270-271 

Monitors,  heat  losses  through 24 

Motor  valves,  attachments  for 294 

Muffler  oil  separator 257 

Multiple-unit  valves,  attachments  for 296 

National  Dry  Kiln  Co 187 

Noise  due  to  design  of  run-outs 131 

No.  7  Traps,  description  and  dimensions  of 2  16 

ratings  of 238 

Office  buildings,  considerations  leading  to  selec- 
tion of  type  of  heating  system  for 97 

Offset  connections,  (table) 319 

Oil  separator,  allowable  velocity  through 255 

method  of  draining  by  means  of  grease  trap.  .255 
receiver  and  niijUler 257 


Oil  separator.  Series  21,  description  of 254 

dimensions  of 256 

ratings  of 256 

Open  return-line  systems 95 

Operating  pressure 239 

Painting,  effect  of,  upon  radiation 49 

Pans,  vacuum  {see  Vacuum  pans) 

Paper-drying  machines,  application  of  Webster 

apparatus  to 191 

Partitions,  wood,  heat  transmission  factors  for. .   28 
Performance  of  stationary  steam  plants,  (table). 334 

Piers,  steamship,  tire  iirolrclion  for 195 

Pipe,  air-carrying,  capacilv  (if  various  sizes  of, 

(table).. 69 

coils,  continuous  header  type  for  dry  kilns. . . .  182 

Unlit  of  length  of 43 

sectional  header  type  for  dry  kilns 184 

surface  in  square  feet  of,  (tablei 56-57 

vertical  header  type  for  dry  kilns 185 

copper  and  brass  (see  Tubes) 

expansion  of,  (table) 318 

extra    and    double-e.xtra    strong,    dimensions 

of,  (table)..... 317 

friction  of  water  in,  (table) 337 

standfird  wTought  iron,  dimensions  of,  (table) .  316 

threads,  standard,  (table) 316 

Pipes,  grading  of  mains,  risers,  and  run-outs  ...   20 
sizes  of  supply  and  return  for  modulation  and 

vacuum  systems 128-129 

surface  factors  for 317 

Piping,  steam,  condensation  losses  in 113 

system,  down-feed 20 

Piston  spied  in  vacuum  pumps 140 

Plain  air  separatmg-tank,  description  of 264 

dimensions  of 266 

method  of  connecting  discharge  from  vacuum 

pump 144 

selection  of  size 138,  142 

Plans,  necessity  for 18 

Pockets,  lift  (see  Lift  fittings) 

Power-driven  reciprocating  vacuum  pumps 143 

Power  load 165 

Powers  of  numbers,  (table) 348-349 

Pressure,  and  weight,  compari.sons  of,  (table) . .  .  333 

comparison  of  measures  of,  ( table ) 334 

corresponding  to  water-head,  (table) 333 

differences 12 

drop  in  modulation  systems 116 

in  steam  pipes 114 

in  vacuum  systems  through  return  trap  120-121 

to  impart  initial  steam  velocity 110 

schedule  of 238 

drop  through  radiator  trap  in  modulation  sys- 
tems   ...m 

through  return  main 117 

through  vent  trap 117 

through  vent  valve 116 

in  pipes,  calculation  of  air 69 

loss  in  ducts,  (chart) 70 

operating 239 

-reducing  valve,  connections  for 216 

connections  to  water  accumulator 267 

vacuum  system 166 

regulator  (.tee  Pressure-reducing  valve) 

Priming  of  boilers 105 

Properties  of  air,  (table) 331 

Properties  of  saturated  steam,  (table) 328-329 

Public  buildings,  allowable  air  velocities  for  fan 

-N-hni-  ill 67 

ciiEi^iil,  rations  leading  to  selection  of  type  of 
heating  s> stem  for 98 
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Public  buildings,  operating  pressure  in 239 

Pump    and   receiver,    conditions   requiring   use 

of 99 

connections  for  discharge  from  vacuum  pump 

to 149 

discharge  of  returns  from  vacuum  pump  to. . .  148 

use  of  in  a  modulation  system 164 

Pump  governor,  vacuum,  description  and  dimen- 
sions of 260 

Pump,  vacuum,  sizing,  (table) 138 

Radiation,  cast  iron  wall,  in  factory 12,  44 

direct,  definition  of 11 

example  of  computation  of 55,  58 

heat  emission,  (table) 45 

heat  emission  with  varying  room  tempera- 
tures, (chart ) 4" 

heat  enussion  with  varying  steam  pressures.   46 
direct  and  indirect,  with  exhaust  systems.  ...   66 

effect  of  painting  on 49 

hot  water  pattern,  connections  of 43 

Indirect,  definition  of 11 

formula  for  computing 54 

methods  of  computing 53-54 

methods  of  heating  by 53 

limit  of  length  of  wall 43 

method  of  computing  and  selecting 42 

percentage  variation  in  heat  emission,  (chart) .   44 
relative  costs  of  cast  iron  direct,  (table). .  .  .51-52 

square  feet  of,  definition  of 12 

Radiators,  connections  on  vacuum  system 169 

direct-indirect,  data  for 55 

direct-indirect,  description  of 55 

enclosed,  decreased  efficiency  of,  (table) .  .  .  50-51 

enclosed  with  grilles 49 

enclosures 48 

indirect,  details  of  connection  to 52 

run-outs,  critical  velocity  in 132-134 

transmission  rate,  variation  of 11 

traps  (see  also  Return  traps) 

traps,  pressure  drop  through 117 

with  shield,  increased  efficiency  of,  (table) 51 

valves  {see  Modulation  valves) 
Railroad    switches,    method    of    prevention    of 

freezing ...  19 1 

Railroad  terminals 194-195 

Rating,  definition  of 233 

Ratings,  angle  valves,  (inlet) 23" 

double-ser\-ice  valves 237 

hea\->-duty  traps 238-239 

modulation  valves 234-237 

modulation  vent  traps 240 

modulation  vent  valves 240 

No.  7  traps 237-238 

supply  and  return  mains 128-129 

supplv  valves 237 

Sylphon  traps 237-238 

Type  W  modulation  valves 237 

Receiver  and  muffler  oil  separators 257 

Receiving    tanks,    description    and    dimensions 

of 261-266 

plain,    method    of    connecting    returns    from 

vacuum  pump  to 141 

selection  of  size  of 138.  142 

water-control,    method    of    connection    with 

vacuum  pump  and  feed-water  heater 145 

Reciprocating  vacuum  pumps,  power-driven. . . .  113 

proportions  of 138 

Recirculation  of  air  in  industrial  plants 67 

Reducing  valves  fsee  Pressure-reducing  valves) 
Re-evaporation 261 


Re-evaporation,  chart 157 

of  discharge  from  return  traps 156 

Registers,  area  of,  for  indirect  radiators 54 

Regulators,  damper  {see  Damper  regulators) 
pressure  (see  Pressure-reducing  valves) 
vacuum  {see  Vacuum  pump  governors) 

Relative  humidity 59 

Residences,  Ixjiler  pressure  for 239 

considerations  leading  to  selection  of  type  of 

heating  system  for 97,  108 

example  of  heat  requirements  for,  computa- 
tion sheet 38-39 

heat  requirements  for,  plan  showing 36 

Resistance,  of  coUs  and  air  washers 72 

of  fittings  to  steam  flow 113-115 

of  90°  elbows,  (table) 71 

of  pipes  to  air  flow,  calculation  of 69 

Return  mains,  definition  of 12 

for  modulation  systems,  proportions  of .  .  .  .  121 

for  vacuum  systems,  proportions  of 122 

function  of 12 

ratings  of,  (table) 128-129 

sizing  of 141 

piping,  location  of 20 

modulation  systems 162-164 

tanks  !  see  also  Tanks) 

uses  in  vacuum  .system 171 

traps,  differential  type,  description  of 155 

float  type,  description  of 151 

method  of  running  return  pipe  to 187 

No.  7,  description  and  dimensions  of 246 

No.  7,  ratings  of 237-238 

objects  of  tests  in  laboratory 153 

outboard  type 156 

pressure  drop  allowable  through 117 

requirements  for  perfect  operation  of 211 

selection  of  size  and  type  of 238 

Sylphon,  description  of 242-24.5 

Sylphon,  dimensions  of 245 

Sylphon,  ratings  of 237-238 

testing 153 

tests  for  heating  efficiency  of 154 

thermostatic  type,  description  of 155 

use  of,  for  air  removal 186 

use  of,  in  lumber  dry  kilns 182,  181-186 

tubular  boilers,  dimensions  of,  (table) 330 

Retiu-ns.  dry,  methods  of  connections  for  modu- 
lation systems 228-229 

flashing  of 122 

intermittent 105 

methods  of  cooUng 122 

Risers,  down-feed,  draining  through  radiator  220,253 

drainage  of 216-219,  224 

dripping,  vacuum  sy.stem 167 

method  of  pro^iding  for  expansion  of 216 

modulation  systems,  methods  of  draining .  228-229 
return,  proportions  of,  for  vacuum  systems. .  .122 

up-feed  and  down-feed,  definition  of 12 

used  as  heating  surface 219 

Roof    construction,    heat    transmission    factors 

for 28 

Roof  glass,  heat  transmission  factors  for 29 

Roots  of  numbers.  ( table) 348-349 

Rotating  vacuum  pumps 137 

Round  tanks,  contents  of.  (table) 335 

Run-outs,  above  floor 219 

critical  velocity  in 132-134 

in  floor 218 

sizing  of 135-136 

under  floor 219 

vacuum  systems 170 

.-^59 
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Salt,  luunufaclure  of 196 

Saturated  steam,  properties  of,  (table) 328-329 

School    rooms,    arrangement    of    dilfusers    and 

direct  radiation  for ._ 62 

Schools,  considerations  leading  to  selection  of 

type  of  heating  system  for 98,  108 

operating  pressures  for 239 

vcnlilating  system  for 61 

Selection  of  proper  typo  of  steam  heating  system, 

fundamental  consi(l(T;ilii>iis  Iciidiiif,'  to 97 

Separating  tanks  (sec  Air-sc|i;ir:iliiif;  liiiiks) 

Separators,  oil,  allowable  velocity  through 255 

method  of  draining 255 

receiver  and  muffler  type  of 25" 

Serii's  21,  description  of 251 

dimensions  of 256 

ratings  of _. . .256 

Separators,  steam.  Series  21,  description  and  di- 

mensioris  of 283-285 

Ser\-ice  details  {see  separate  index) 

Sheet  metal  gauges,  (table) 351 

Sliield,  radiator,  increase  in  efficiency  due  to. . . .   51 
Single-control     hydro-pneumatic     tanks,     con- 
nections to  geared-type  vacuum  pump 146 

description  and  dimensions  of 276-277 

Sizing  run-outs  for  various  grades  and   quan- 
tities  135-136 

Skin-friction 114 

SkyUghts,  heat  transmission  factors  for 29 

Slasher  equipment,  typical  application  of 189 

Slashers,  equipment  for 188 

Slope  of  pipe,  effect  of  upon  critical  velocity 133 

Specific  heat,  definition  of 9 

Specific  heats  of  materials,  (table) 342-343 

Specifications,  typical,  for  modulation  system. .  .289 

for  vacuum  system 286 

Spitzglass,  J.  M 112 

Square  feet  of  radiation,  definition  of 12 

Square  measiu-e,  (table) 351 

Square  roots  of  numbers,  (table) 348-349 

Stacks  (see  Chimneys) 

indirect,  connections  for 22.5-227 

Standard  fittings,  diiiiensicins  of,  (table). , .  .320-323 

Standard  flanges,  diiiiciisions  of,  (table) 320 

Standard  iron  pipe,  diimnsions  of,  (table) 316 

Stand-pipes,  air-separating 144 

Stationary  steam  plants,  performance  of,  (table) .  334 

Steam,  (tables) 328-329 

-control  tanks,  control  of  boiler  feed  pump, 

connections 119 

-control  tanks,  description  of 265 

dimensions  of 266 

-driven  reciprocating  vacuum  pimips,  propor- 
tions of 138 

-driven   vacuum  pumps,   typical  connections 

to ; 150,  166 

end,  vacuum  pump,  proportioning  of 143 

exhaust,  use  of,  in  dry  kilns 181 

flow,  effect  of  pipe  fittings  on .«. 115 

flow  through  standard  pipes 112-115 

heating  systems,  types  of 95 

mains,  drainage  of 215 

mains,  dripping,  vacuimi  systems 167 

plants,  stationary,  performance  of,  (table) 334 

requirements  fcjr  tciiipiTing  air 61 

saturated,  properties  of,  (table) 328-329 

separators,  ratings  of 285 

separators.  Series  21,  description  and  dimen- 
sions of .283-285 

supply,  sources  of,  effect    upon    selection  of 

type  of  heating  system 103 

supply,  vacuum  systems,  source  of 165 


Steamship  piers,  fire  protection  for 195 

SteriUzers  (see  also  Hospital  equipment) 107 

Storage  of  returns 142 

Store  buildings,  considerations  leading  to  selec- 
tion of  type  of  heating  system  for 97 

Strainers,  dirt,  description  of 259 

dimensions  of 260 

suction,  and  vapor  economizer,  description  and 

dimensions  of 261-262 

description  of 258 

dimensions  of 259 

selection  of  size  of 138,  141 

typical  connections  to 150 

use  of,  on  lumber  dry  kiln  coils 186 

Stratification,  factors  for 24 

formula  for  temperature  due  to 25 

illustration  of 23 

Street  steam,  supply 107 

system,  method  of  cooUng  returns 222 

sy.stem,  vacuum 173 

Strength,  tensile,  of  materials,  (table) 343 

Suction  strainers 171 

and   vapor   economizer,   dimensions    and   de- 
scription of 261-262 

description  of 258 

dimensions  of 259 

selection  of  size  of 138,  141 

typical  connections  to ISO 

Sugar,  manufacture  of 196 

Supply  mains,  and   risers  for  modulation  sys- 
tems  162 

definition  of 12 

for  modulation  systems,  proportions  of 121 

for  vacuum  systems,  proportions  of 122 

ratings  of,  (table) 128-129 

Supply  pipes,  location  of 20 

Supply  risers  (see  also  Risers) 

drainage  by  means  of  heavy-duty  traps 223 

Supply  valves  (see  also  Modulation  valves) 

ratings  of 237 

selection  of  size  and  type  of 239 

Surface  factors  for  pipes,  (table) 317 

Surfaces  and  volumes,  mensuration  of 352 

Switches,    railroad,    method    of    prevention    of 

freezing 194 

Sylphon  attachments  (see  Trap  attachments) . 

Sylphon  traps,  description  of 242-245 

dimensions  of 245 

ratings  of 237-238 

Tanks,  air-separating,  description  and  dimen- 
sions of 264^266 

air-separating,  selection  of  size  of 138,  141 

hydro-pneumatic,  description  and  dimensions 

of.. 276-277 

selection  of  size  of 1.38,  142 

single  control,  connections  with  geared-type 

vacuum  pump 146 

plain  air-separating,  method  of  connecting  re- 
turns from 144 

plain,  selection  of  size  of 138,  142 

round,  contents  of.  (table) 335 

steam-control,  connections  to  boiler  feed  pump 

and  vacuum  pump 149 

selection  of  size  of 138,  142 

water-control,    method    of    connection    with 
vacuum  pump  and  to  feed-water  heater.  .145 

selection  of  size  of 138,  142 

Temperature,  at  ceiling,  air  mechanically  agitated  24 

at  ceiling,  high  rooms 23 

average  of  high  rooms 23 

comfortable 59 
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Temperature,  daily  maximum  imd  minimum  in 

New  \ork 16-17 

difference,  factors  for,  (chart) 22 

due  to  stratification,  (forraulie) 25 

for  various  rooms,  ( table) 18 

increase  ia  high  buildings 23 

requirements,  inside,  ttable) 18 

Temperatures,  lowest  recorded,  (chart) 14 

Tensile  strength  of  materials,  (table) 343 

Terminals,  rfulroad 194^195 

Tests  of  lumber  drjing 180 

Tests  of  return  traps 153 

Theatre  ventilation 63 

Thermometer  scales,  conversion  of 353 

Thermostatic-type  return  trap,  description  of. .  .155 
Thermostatic  valve  No.  4,  trap  attachments  for. 294 

Threads,  pipe,  standards,  (table) 316 

Topography 15 

Transmission  of  heat  through  pipe 113 

Transmission  rate  of  radiators,  variation  of 11 

Trap  attachments 293 

for  motor  valves 294 

for  multiple-imit  valves 296 

for  thermo-valves 294 

for  various  types  of  valves 297 

for  water-seal  motors 294 

for  water-seal  traps 295 

Traps  (see  also  Return  traps) 

grease   and   oil,   description   and    dimensions 

of .257-2.58 

method  of  connecting  for  draining  oil  sepa- 
rator   255 

Traps,  hea%^'-dutv,  high  differential 249 

heavy-duty,  Series  19T,  description  of 247 

dimensions  of 249 

ratings  of 239 

high-pressure     Sylphon     (see     High-pressure 

Sylphon  traps) 
Hylo  isee  Hylo  traps) 

modulation  vent  (see  Modulation  vent  traps) 
proper  location  of  thermostatic  type  on  lumber 

dry  kiln  coils 186 

proper  type  for  lumber  dry  kilns 184 

return,  testing 153 

water-seal,  attachments  for 295 

Tubes,  boiler,  dimensions  of,  (table) 317 

brass  and  copper,  diameters  and  weights  of, 

(table). 315 

Tubular  boilers,  dimensions  of,  (table) 330 

United  States  Weather  Bureau,  daily  tempera- 
tures, 1916  to  1920 " 16-17 

lowest  temperatures  recorded,  (chart) 14 

Units,  heat,  definitions  of 9 

Up-feed  risers,  definition  of 12 

Up-feed  systems,  modulation 163 

vacuum 167-168 

Vacuum  governors,  sizing  of 138,  143 

typical  connections  of 151 

pans,  application  of  apparatus 201 

drainage  of 196 

pumps 137,  170 

belt-driven 143 

discharging  to  automatic  pump  and  receiver, 

connections  for 119 

electric-driven 137,  172 

geared-type 143 

governor 170 

governor,  description  and  dimensions  of ....  260 

reciprocating,  proportions  of 138 

rotating 137 


\'acuum  governor,  sizing  of,  (table) 138 

steam-driven,  typical  connections  of.. .  150,  166 

steam-ends,  proportioning  of 143 

water-and-air  ends,  proportioning  of 140 

regulators  (see  Vacuum  pump  governors) 

systems,  advantages  of 109 

classes  of  structures  for  application  of 96 

degree  of  vacuum  for 122 

descriptions  of 165 

different  types  of 165 

disposal  of  condensation  in 171 

down-feed 167-168 

dripping  mains  and  risers  for 167 

eleirients  of 96 

Hylo,  description  of 176 

pressure  drop  through  traps  in 121 

proportions  of  mains  and  risers  for 122 

pumps  for 170 

radiator  connections  for 169 

radiator  supply  valves  for 169 

requirements  of 12 

run-outs  for 170 

sizes  of  supply  and  return  mains,  (table)  127-129 

sources  of  steam  supply  for 165 

typical  layout  of 166 

typical  problem  of  sizing  pipe  for 123 

typical  specification  for 286 

up-feed 167-168 

using  street  steam 173 

ventilation  problems  with 172 

with  boiler  pressures  from  15  to  50-lb 172 

with  low  pressure  boilers 173 

with  power  boilers,  description  of 165 

Valves  (see  also  Modulation  valves) 
conserving  (see  Conserving  valves) 
effect  of,  upon  flow  of  steam  through  pipes.  .  .115 
modulation  vent  (see  Modulation  vent  valves) 

radiator  outlet,  attachment  s  for 297 

Vapor  economizer  and  suction  strainer,  descrip- 
tion and  dimensions  of 261 

Velocity,  air  for  fan  systems  in  public  buildings.   67 
air  for  fan  systems  in  various  types  of  buildings   68 

allowable  through  oil  separators 256 

critical,  in  radiator  run-outs 132-134 

-head  factors,  (table) 348-349 

initial,  of  steam  flow,  (table) 110 

Vent  traps,  liigh-duty,  appUcation  of 120 

location  of 120 

modulation  (see  Modulation  vent  traps) 

pressure  drop  through 117 

valves,    modulation     (see   Modulation   vent 
valves^ 

pressure  drop  through 117 

Ventilation,  apparatus,  selection  of 72 

banquet  halls  and  meeting  rooms 64 

churches 63 

direct-indirect  system 60 

exhaust,  for  industrial  plants 65 

gravity  indirect  system 60 

kitchens 64 

methods 60 

problems 59 

problems  in  design  of  vacuum  system 172 

schools 61-62 

theatres  and  auditoriums 63 

Vento  radiation,  connections  for  draining.  .225-227 
Volumes  and  surfaces,  mensuration  of 352 

\A/  Type  modulation  valves,  description  of 250 

dimensions  of 252 

ratings  of 237 

AVaU  radiation,  cast  iron,  in  factory 12.  44 
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Wall  radiation,  methods  of  applying 102,  101 

illustration  of  api)licalion  in  factory H 

limit  of  lengtli  of 1^5 

Walls,  heat  transmission  factors  for,  brick 26 

clapboard 25 

(■(iiKTi'ti'  fa(-<Ml  with  brick  or  stone 26-27 

(■ornifialcd  iron 26 

liani  stone  or  concrete 27 

hollow  tile 27 

hollow  tile  faced  with  brick 26 

interior 2r> 

sandstone  or  limestone 27 

stucco  on  studs 26 

Warming-up  period 10 

Warp  drying 190 

Water  accumulator,  description  and  dimensions 

of _ 267 

typical  connections  to  conserving  valve 173 

typical    connections    to    pressure-reducing 

valve 267 

-and-air  end,  vacuum  pump,  proportioning  of.l  10 

benefits  of  returning  to  boiler 1.3 

-control  tank,  description  of 264 

dimensions  of 266 

method  of  connection  to  vacuum  pump  and 
feed-water  healer 1 15 


Water-control  tank,  selection  of  size  of .  .  .  .  138,  142 

conversion  factors  of,  (table) 338 

cost  at  stated  rales,  (tabli^i 338 

-seal  motors,  att.iilinniils  for 291 

-seal  traps,  atlachiueiils  for 295 

weight  and  volume  at  various  temperatures, 
(table) 3.32 

Weather  Bureau,  United  States,  lowest  tempera- 
tures recorded,  I  chart) 11 

Webster  apparatus  (see  separate  index) 

systems  of  steam  heating,  descriptions  of 161 

Weight,  and  pressure,  comparison  of,  (table).  .  .333 

measures  of,  (tabid 351 

of  1  gallon  of  water  at  various  Icunperatiu'es, 
(table) 335 

Wet-returns,  modulation  systems 162,  164 

Windows,  double-hung,  air  infiltration  through, 

(chart) 32 

heat  transmission  factors  for 28 

heat  transmission  factors  for.  above  datum. ...   28 

Wire  gauges,  comparison  of.  (table) 350 

Wood  partitions,  heat  transmission  factors  for .  .   28 

T  arns,  sizing  and  drying  of 188 

Y.M.C..\.   buildings,   considerations  leading   to 
selection  of  type  of  healing  system  for 106 


Tables 


Air.  heal  required  to  rai.se  temperature  of..  .    72-73 

iiililtralion.  H.t.u.  required  for 33 

prr^sijrc  |i,..s  in  ducts,  chart  of 70 

propcrlit's  of 331 

quantities  required  for  ventilation 67 

resistance  of  elbows 71 

velocities  for  fan  systems  in  public  buildings..   67 
velocities  for  tan  systems  in  various  types  of 

buildings 68 

Altitude,  effect  of,  upon  boiling  point  of  water.. 332 

Anthracite  coal,  heat  values  of 340-3  11 

.\rea,  measures  of 351 

Areas  of  circles 346-347 

Avoirdupois  weight 351 

Bends,  effect  upon  steam  flow  through  pipes.  .  .115 

Bituminous  coal,  heat  values  of 339-340 

Boiler  tubes,  dimensions  of 317 

Boilers,  return  tubular,  dimensions  of 330 

Boiling  point  of  water  at  various  altitudes 332 

Brass  tubes,  diameters  and  lengths  of 315 

Calorific  values  of  coal 340 

CeiHngs,  heat  transmission  factors  for 30 

Centigrade,  conversion  to  fahrenheit  scale 353 

Chinmey  lining,  dimensions  of  standard  sizes.  .  .    75 

Circles,  cinu inferences  and  areas  of 346-317 

Coal,  anthrarile.  heat  values  of 310-311 

bituminous,  heat  values  of 339-340 

calorific  value  of 340 

classification  of 3.39-340 

prate  areas  required  for  burning 92 

rates  of  ((MMbustion  of 92 

Coils,  iiipe.  surface  in  square  feet 56-57 

Condiusticiii  rates  for  various  coals 92 

Conii(vii,,ns.  (ilfset 319 

Conleiits.  iiK'.isures  of 351 

of  niund  tanks 335 

Copper  tubes,  diamelers  and  lengths  of 315 

Cost  (if  direct  i  ast  iron  radiation,  relative 52 

Cube  roots  of  numbers 3  18-319 


Cubic  measure 351 

Decimal  equivalents  of  fractions 348-349 

of  inches 3 14^345 

Densities  of  materials 342 

Dillereulial  pris>ures  through  traps  and  valves. 238 

Direct  radiation.  Iieat  emission 4.5 

heat  emission  with  varying  steam  pressures. ...   46 

relative  costs  of  cast  iron 52 

Direct-indirect  radiators,  data  for 55 

Doors,  heat  transmission  factors  for 28 

Ducts,  air-carrying,  capacity  of  various  sizes  of.   69 

air  pressure  loss  in,  chart  of 70 

resistance  of  air  in  elbows  of 71 

Economy  of  feed-water  heaters 301 

Efficiency,  increase  in  radiation  » ilh  shield 51 

decrease  of,  in  enclosed  radiators 50 

Elbows,  friction  of  water  in 336 

resistance  of  air  line 71 

Electrical  units,  definitions  of 352 

Engine,  horse  power  of 329 

Expansion,  wrought  iron  pipe 318 

solids,  lineal 344 

E.xtra-heavy  fittings,  dimensions  of 32 1-327 

flanges,  dimensions  of 324 

iron  pipe,  dimensions  of 317 

Factors,  basic,  for  heat  transmission 25 

Feed-water  heaters,  economy  chart  for 301 

Fittings,  effect  of.  upon  steam  flow 115 

extra-heavv  fl:ini;ed.  diuiensions  of 324—327 

extra-hea\  \  llaii-ed.  rules  for 324 

screwed  casi  iron,  dian'ii^ions  of 319 

standard  llantied.  diuienMons  of 320-323 

standard  Hanged,  rules  tor 320 

Flanges.  .■\ira-hea\  y.  dimensions  of 324 

standard,  dimensions  of 320 

Floors,    above    cold    space,    heat    transmission 

factors  for 29 

laid  on  ground,  heat  transmission  factors  for.   30 
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Flow  of  water,  through  elbows 336 

through  pipes 337 

Fractional  equivalents  of  decimals 348-349 

Friction,  air  in  ducts,  chart  of 70 

loss,  conip;mson  between  round  and  rectan- 
gular ducts 71 

water  in  elbows 336 

water  in  pipes 337 

G'lllfn  of  water,  weight  at   various   tenijjera- 

tiu'es 33.5 

Gauges,  sheet  metal 351 

wire,  comparison  of S.iO 

Glass,  roof,  heat  transmission  factors  for 29 

Grate  surfaces  for  various  grades  of  coal 92 

H^ads  of  water  coi responding  to  pressures 333 

Heat,  emission  of  direct  radiation  with  varying 

room  temperatures 17 

emission    of    direct    radiation    with    varying 

steam  pressures 46 

emission  of  radiation,  percentage  variation ....    14 

required  to  raise  temperature  of  air 72-73 

transmission,  basic  factors  for 2.5 

transmitted  through  steam  pipes 111.  116 

values  of  various  kinds  of  coal 339-340 

Horsepower,  of  an  engine, 329 

of  return  tubular  boilers 330 

Hydro-pneumatic  tanks,  selection  of  size.  .  .138.  1 12 

I  nfiltration,  B.t.u.  required  for 33 

chart  for  double-hung  windows 32 

Inside  temperature  requirements 18 

Iron  pipe,  dimensions  of 316-317 

Liquid  measure 3.51 

Long  measure 351 

Loss,  friction,  in  round  and  rectangular  ducts. .  .   71 

Miiins,  riitliiL"  fnr  return 128-129 

rMlirit;-  l..i  m]|,|,In 128-129 

Mat,Tial>.  (Irii.ili.'>  ..f 342 

S|>eeilic  heats  of 312—343 


Properties  of  saturated  steam 328-329 

PubUc  buildings,  allowable  air  velocities  in  fan 

systems 67 

Pumps,  vacuum,  sizing  of 138 

Radiation,  direct,  heat  emission 45 

direct,  heat  emission  with  varying  room  tem- 
peratures    47 

direct,    heat    emission    with    varying    steam 

pressures 46 

percentage  variation  in  heat  emission 44 

relative  costs  of  cast  iron  direct 52 

Radiators,  direct-indirect,  data  for 55 

enclosed,  decreased  efEciency  of 50 

with  shield,  increased  efficiency  of 51 

Ratings  of  supply  and  return  mains 128-129 

Reiii\  iiig  tanks,  selection  of  size  of 138,  142 

He  r\ii|i(ira(ion  chart 157 

R<'sislaiKe.  of  90°  elbows 71 

to  steam  How  of  fittings 115 

Return  mains,  modulation  systems,  proportions 

of 121 

ratings  of 128-129 

Return  tubular  boilers,  dimensions  of 330 

Roof  glass,  heat  transmission  factors  for 29 

Roots  of  numbers 3 18-349 

Round  tanks,  contents  of 335 

Run-outs,  sizing  of 135-136 

Saturated  steam,  properties  of 328-329 

Sheet  metal  gauges 351 

Shields,  radiator,  increase  in  efficiency  due  to. . .   51 
Sizing  run-outs  for  various  grades  and   quan- 
tities   135-136 

Skvli^hls.  luat  transmission  factors  for 29 

S|H-,  ilic  heats  of  materials 312-343 

S(|iian'  iiirasure 351 

Square  roots  of  numbers 348-349 

Standard  fittings,  dimensions  of 320-323 

Standard  iron  pipe,  dimensions  of 316 

Stationary  steam  plants,  economic  performance 

of 334 

Steam-driven  reciprocating  vacuum  pump,  pro- 
portions of 138 

tensile  strength  of ■■  .313      Steam,  flow,  effect  of  pipe  fittings  on 115 


weights  of 341 

Measures  of  pressure,  comparison  of 33 1 

Mensuration  of  surfaces  and  volumes 352 

Offset  connections 319 


Partition.s,  wood,  heat  transmission  factors  for.    28 

Performance  of  stationary  steam  plants 33 1 

Pipe,  air-carrying,  capacity  of  Narious  sizes  of.. .   69 

coils,  surface  in  square  feet 56-57 

copper  and  brass  (see  Tubes) 

expansion  of 318 

extra  and  double-extra  strong,  dimensions.  .  .  .317 

friction  of  water  in 337      Tanks,  air-separating,  selection  of  size  of.  .138,  141 


flow  through  standard  pipes 111-115 

plants,  economic  performance  of 334 

properties  of 328-329 

saturated,  properties  of 328-329 

Strainer,  suction,  selection  of  size  of 138,  141 

Strength,  tensile,  of  materials 343 

Suction  strainer,  selection  of  size  of 138,  141 

Supply  mains,  for  modulation  systems,  propor- 
tions of 121 

ratings  of 128-129 

Surface  factors  for  pipe 317 

Surfaces  and  volumes,  mensuration  of 352 


sizes  of  supply  and  retiu'n 128-129 

standard  wrought  iron,  dimensions  of 316 

surface  factors  for 317 

threads,  standard 316 

Plain  air-separating  tanks,  selection  of  size.  138.  142 

Powers  of  numbers 3 18-3 19 

Pressure,  and  weight,  comparison  of 333 

comparison  of  measures  of 33  !■ 

corresponding  to  water  heads 333 

drop  to  impart  initial  steam  velocity 110 

drop.s,  .schedule  of 238 

loss  in  ducts,  chart  of 70 

Properties  of  air 331 


hydro-pneumatic,  selection  of  size  of 138,  142 

plain,  selection  of  size  of 138,  142 

round,  contents  of 335 

steani-cdulrcil.  selection  of  size  of 138,  142 

water-control,  selection  of  size  of 138,  142 

Temperature  diUerence,  chart  of  factors  for.  ...   22 

Temperature  for  various  rooms 18 

Temperature  requirements,  inside 18 

Tensile  strength  of  materials 343 

Thermometer  scales,  conversion  of 353 

Threads,  pipe,  standard 316 

Transmission  of  heat  through  pipe Ill,  116 

Tubes,  boiler,  dimensions  of 317 
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Tubes,  copper,  brass,  diameters  and  weights  of..  315 
Tubular  boilers,  dimensions  of 330 

Vacuum  governors,  sizing  of 138,  113 

Vacuum  pumps,  reciprocating,  proportions  of. .  .138 

sizing  of 138 

Valves,  effect  of,  upon  (low  of  steam  through  pipes  115 
Velocities  of  air  for  fan  systems  in  public  build- 
ings   67 

Velocity-head  factors 318-319 

^'olumes  and  surfaces,  mensuration  of 352 

V\/alls,  heat  transmission  factors  for,  brick 26 

clapboard 25 

concrete  faced  with  brick 26 

concrete  faced  with  stone 72 


Walls,  corrugated  iron 26 

hard  stone  or  concrete 27 

hollow  tile 27 

hollow  tile  faced  with  brick 26 

interior 25 

sandstone  or  limestone 27 

stucco  on  studs 26 

Water,  conversion  factors 338 

cost  at  stated  rates 338 

weight  and  volume  at  various  temperatures .  .  332 
W'ater-control  tanks,  selection  of  size  of..  .  .138,  142 

Weight,  and  pressure,  comparison  of 333 

measures  of 351 

of  one  gallon  of  water  at  various  temperatures .  335 

Windows,  heat  transmission  factors  for 28 

Wire  gauges,  comparison  of 3.50 

Wood,  partitions,  heat  transmission  factors  for. .  28 
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Accumulator,  water  (see  Water  accumulator) 
Air-separating  tank,  plain,  method  of  connecting 

returns  from  vacuum  pump 144 

water-control,  method  of  connecting  to  vac- 
uum pump  and  to  feed-water  heater 145 

Automatic  pump  and  receiver,  connections  for 
discharge  from  vacuum  pump 149 

Bain  marie  (see  Kitchen  equipment) 
Ball  check  valves  (see  Modulation  vent  valves) 
Basement  radiation,  method  of  draining,  modu- 
lation system 229,  232 

Blanket  warmers  (see  Hospital  equipment) 

Blast  heaters,  connections  for 225-227 

Blower  sections,  connections  for 225-227 

Boiler-feed  pump,  and  receiver,  connections  for 

discharge  from  vacuum  pump 149 

controlled  by  air-separating  tank,  connections 

for 149 

Boiler  feeder  connections  with  double-control 
hydro-pneumatic  tank  and  geared-type  vac- 
uum pump 147 

Boilers,  modulation  system,  connections  for  ther- 
mostatic   and    for    time    clock    control    of 

damper  regulator 231 

modulation  system,  method  of  connection  for 
parallel  operation 230 

Cloth-drying  machines,  application  of  Webster 
apparatus  to 190 

Coffee  Urns  (see  Kitchen  equipment) 

Coils,  design  of,  for  lumber  kilns 183 

drainage  of 220-221 

Combination  gauges,  connections  for 268 

Condensed  milk  (see  Condensories) 

Condensories,  application  of  Webster  system 
to.. 196 

Conserving  system,  typical  layout  of 173 

Controllers,  Hylo  {see  Hylo  controllers) 

Cooking,  steam  appliances  for  (see  Kitchen 
equipment) 

Damper  regulators,  methods  of  control  by- 
thermostat  and  by  time  clock 231 

Double-control  hydro-pneumatic  tank,  used  in 
connection  with  geared-type  vacuum  pump 
and  boiler  feeder 147 

Double-service  valves,  typical  installation,  de- 
tail...  2.53 

Down-feed  risers,  draining  through  radiator.  220,  253 


Dry  kilns,  design  of  pipe  coils  for 183 

plans  showing  use  of  continuous  header  coil 

for 182 

plans  showing  use  of  sectional  header  coil  for.  .184 
plans  showing  use  of  vertical  header  coil  for.  .  185 
Dry  returns,  methods  of  connections  for  modu- 
lation systems 228-229 

Expansion  loops  in  risers 216 

Feeder,  boiler  (see  Boiler  feeder) 

Feed-water  heater,  graWty  return  to 222 

typical  connections,  steam-control  type 304 

typical  connections,  water-control  type 303 

Fire  protection  for  exposed  water  hydrants 195 

Fittings,  lift  (see  Lift  fittings) 

Gauges  (see  Combination  gauges) 

combination  (see  Combination  gauges) 

typical  connections  for 150 

Geared-type  vacuum  pump,  connections  with 
boiler  feeder  and  double-control  hydro- 
pneumatic  tank 147 

connections   with   single-control   hydro-pneu- 
matic tank 146 

Generator,  hot  water  (see  Hot  water  generator) 
Governor,   vacuum  pump    (see  Vacuum   pump 
governor) 

vacuum  pump,  typical  connections  of 151 

Grease  trap,  method  of  connecting  for  draining 
of  oil  separator 255 

Heater,  blast  (see  Blast  heater) 
feed-water  (see  also  Feed-water  heater) 
feed-water,  connections  from  water-controlled 

air-separating  tank 145 

Heavy-duty  trap,  connections  for  coils  drained 

through  one  trap  in  lumber  kilns 187 

sectional  drawing  of 225 

High-differential  heavy-duty  trap,  application  to 

drainage  of  vacuum  pans 201 

High-pressure  Sylphon  trap,  application  for  hos- 
pital equipment 202 

application  for  kitchen  equipment 203 

appUcation  to  hydrants  to  prevent  freezing. .  .195 

typical  installation  for  railroad  switches 194 

Hospital    equipment,    appUcation    of    Webster 

system  to 202 

Hot  water  generator,  connections  for. .  222,  227,  229 
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Hydro-pneumatic    tank,     double-control,     con- 
nections with   geared-type   vacuum   pump 

and  boiler  feeder HT 

single-control,   connections   with   geared-type 
vacuum  pump 116 

Hylo   systems,   typical   connections   of   special 
apparatus 1T7 

65 


Returns  tank  (see  Tanks"! 

FUsers,  down-feed,  draining  through  radiator  220,  253 

drainage  of 216-219,  224 

method  of  pro\'iding  for  expansion  of 216 

modulation  system,  methods  of  draining .  228-229 
used  as  heating  surface 219 

Run-outs,  above  floor 219 

in  floor 218 

under  floor 219 


Indirect  radiation,  connection  for  air  supply 

Indirect  radiator,  details  of  connection  to 52 

Indirect  stack,  connections  for 225-227      Separating  tanks  (see  Air-separating  tank) 

Separators,  oil,  method  of  draining 255 


J  oint,  expansion  {see  Expansion  joint) 

Kettle,  cooking  (see  Kitchen  equipment) 

Kilns,  design  of  pipe  coils  for 1 83 

plans  showing  use  of  continuous  header  coils . .  1 82 
plans  showing  use  of  sectional  header  coil ....  181 
plans  showing  use  of  vertical  header  coil  for.  .  185 

Kitchen  equipment,  application  of  Webster  sys- 
tem to 203 

Kitchen,  ventilating  equipment  for 64 

Lift  fittings,  application  for  "step-up"  lifts.  .  .139 
Lift  pockets  (see  Lift  fittings) 

Lifts,  method  of  design  for  "step-up" 139 

Lubricators,  sight,  tj-pical  connections  of 151 

IVlains,  method  of  dripping 215 

steam  (see  Risers) 
Milk  condensories  (see  Condensories) 

Modulation  system,  t>"pical  layout 160 

system,  valves  with  chain  attachment,  in- 
stallation details 251 

vent  traps,  typical  installation  details 268-269 

vent  valves,  application  details 268-271 

Oil  separators,  method  of  draining  by  means  of 
grease  trap 255 

Pans,  vacuum  (see  Vacuum  pans) 

Paper-drying  machine,   application  of  Webster 
apparatus  to 191 

Pier,  steamship,  fire  protection  for 195 

Pipe  coils,  drainage  of 220-221 

use  of  continuous  header  type  in  dry  kilns.. .  .  182 

use  of  sectional  header  type  in  dry  kilns 184 

use  of  vertical  header  type  in  dry  kilns 185 

Plain  air-separating  tanks,  method  of  connecting 
discharge  from  vacuum  pump 144 

Pockets,  Uft  (see  Lift  fittings) 

Pressure-reducing  valve,  connections  for 216 

connections  to  water  accumulator 267 

Pressure  regulators  (see  Pressure-reducing  valve) 

Pump  and  receiver,  connections  for  discharge 
from  vacuum  pump 149 

Radiator  traps  (see  Return  traps) 

valves  (see  Modulation  valves) 
Radiators,  indirect,  details  of  connection  to ... .   52 
Railroad  switch,  method  of  prevention  of  freez- 
ing  ; 194 

Receiving  tanks,  plain,  method  of  connecting  re- 
turns from  vacuum  pump 144 

water-control,     method     of     connection     to 

vacuum  pump  and  feed-water  heater 145 

Reducing  valves  (see  Pressiu'e-reducing  valves) 
Regulators,  damper  (see  Damper  regulators) 
pressure  (see  Pressure-reducing  valves) 
vacuum  (see  Vacuum  pump  governors) 
Returns,  dry,  methods  of  connections  for  modu- 
lation system 228-229 


Single-control  hydro-pneumatic  tanks,  connec- 
tions to  geared-type  vacuum  pump 146 

Slasher  equipment,  typical  installation  of 189 

Stack,  indirect,  connections  for 225-227 

Steam-control    tanks,    control    of    boiler    feed 

pump,  connections 149 

Steam-driven  vacuum   pumps,    typical  connec- 
tions of 150,  166 

Steam  mains,  drainage  of 215 

Steamship  piers,  fire  protection  for 195 

Sterilizers  (see  Hospital  equipment) 

Suction  strainers,  typical  connections  of 150 

Street  system,  method  of  cooling  returns  from .  .  222 
Supply  risers  (see  also  Risers) 

drainage  by  means  of  heavy-duty  trap 223 

Supply  valves  (see  Modulation  valves) 
Switches,    railroad,    method    of    prevention    of 
freezing 194 

Tanks,  hydro-pneumatic  single-control,  connec- 
tions with  geared-type  vacuum  pump 146 

plain  air-separating,  method  of  connecting  re- 
turns from 144 

steam-control,    connections    showing    boiler- 
feed  pump  and  vacuum  pump 149 

water-control,  method  of  connection  with  vac- 
uum pump  and  to  feed-water  heater 145 

Traps  (see  also  Return  traps) 

grease  and  oil,  method  of  connecting  for  drain- 
ing oil  separator 255 

high-pressure  Sylphon  (see  High-pressure  Syl- 
phon  traps) 

Hylo  (see  Hylo  traps) 

modulation  vent  (sec  Modulation  vent  traps) 

proper  location  of  thermostatic,  on  lumber  dry 
kiln  coils 186 

Vacuum  governors,  typical  connections  of 151 

pans,  application  of  apparatus 201 

pumps,  discharging  to  automatic  pump  and 

receiver,  connections  of 149 

pumps,     steam-driven,     typiceJ    connections 

of 150,  166 

regulators  (see  Vacuum  pump  governors) 

system,  typical  layout  of 166 

Valves  (see  also  Modulation  valves) 
conserving  (see  Conserving  valves) 
modulation  vent  (see  Modulation  vent  valves) 
Vent  traps,  modulation  (see  Modulation  vent 

traps) 
valves,    modulation     (see    Modulation    vent 
valves) 

Ventilating  equipment  for  kitchens 64 

Vento  radiation,  connections  for  draining..  .225-227 

^A/ater  accumulators,  typical  connections  to  con- 
serving valve 173 

typical  connections  to  pressure-reducing  valve. 267 

Water-control  tanks,  method  of  connection  to 
vacuum  pump  and  to  feed- water  heater 145 
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Accumulator,  water  {see  Water  accuuiulator) 
Air-separatiuf;  lauks,  tlcsoription  and  diiucnsions 

of... 261-266 

Anchor  points,  alk)wable  distance  between 283 

Attachments  for  Sylphon  traps  (see  Trap  attach- 
ments) 

Ball  check  valves  (see  Modulation  vent  valves) 
Boiler  feeder,  description  and  dimensions  of .  .  .  .271- 

Check  valves,  special,  for  modulation  systems, 

application  details  of 268-269 

Combination  gauges 267 

connections  for 268 

Conserving  vahes,   description   and   dimensions 

of.... 27:? 

iUuslration  of     171 

Controllers,  Hylo  {see  Hylo  controllers) 

Damper  regulators,  description  and  dimensions 

of 271 

Dirt  strainers,  description  of 259 

dimensions  of 260 

Double-control  hydro-pneumatic  tanks,  descrip- 
tion and  dimensions  of 276-277 

Double-ser\'ice  valves,  description  of 252-254 

dimensions  of 254 

ratings  of 237 

typical  installation  detail  of 253 

Drag  lifts 263 

Economizer,  vapor,  and  suction  strainer,  des- 
cription and  dimensions  of 261-262 

Economy  table,  feed-water  heaters 301 

Evaporation,  boiler,  measurement  of 313 

Ebcpansion  joints,  allowable  distances  between 

anchor  points  of 283 

description  and  dimensions  of 278-282 

Feeder,  hoilor  (see  Boiler  feeder) 

IVi-d-wMtrr  heaters,  description  of 302-313 

diniinsiuns,  Webster  Class  EB 310 

dimensions,  Webster  Class  EBP 311 

dimensions,  Webster  Class  EF 313 

dimensions,  Webster  Class  EFP 312 

economy  chart  of 301 

typical  connections,  steam-control  type 304 

typical  connections,  water-control  type 303 

Fittings,  lift  (see  Lift  fittings) 

Fuel  saving  by  preheating  feed  water 301 

Gauges  (see  also  Combination  gauges) 
combination  (see  Combination  gauges) 
typical  connections  for 150 

Governors,  vacuum  pump  (see  also  Vacuum  pump 
governors) 
typical  connections  for 151 

Grease  traps,  description  of 257 

dimensions  of 258 

method  of  connection  for  draining  oil  sepa- 
rator  255 

Heater-meter,  Webster-Lea,  description  of. 313-314 
Heaters,  feed-water  (see  Feed-water  heaters) 
Heavy-duty  traps,  connection  for  coils  drained 

through  one  trap  in  lumber  dry  kilns 187 

high-differential  type,  description  and  dimen- 
sions of 249 

method  of  running  return  pipe  in  lumber  dry 
kilns 187 


Heavy-duty  traps.  Series  19T,  description  of  .  .  .247 

Series  19T,  dimensions  of 249 

Series  191',  ratings  of 239 

use  in  liiiidxr-drying  kilns 182,  186 

High-difViTiiilial   heavy-duty  traps,  description 

and  dimensions  of 249 

High-pressure   Sylphon    traps,   description   and 

dimensions  of 275 

Hydro-pneumatic  tanks,  description  and  dimen- 
sions of 276-277 

selection  of  size  of 138,  142 

Hylo  controllers,  dimensions  of 272 

Hylo  traps,  dimensions  of 272 

Joints,  expansion  (see  Expansion  joints) 

Lift  fittings.  Series  20,  description  of 263 

Series  20,  dimensions  of 264 

typical  applications  of 263 

Lift  pockets  (see  Lift  fittings) 

Lifts,  drag 263 

Ivleter-heaters  (see  Heater-meters) 

Modulation  system,  typical  specification  for  .  .  .289 

valves,  'lyiic  W  ,  description  of 250 

Tv(ir  W  ,  iliiiiciisions  of 252 

T>  pe  W  ,  ratings  of 237 

Type  W,  with  chain  attachment,  description 

of .    . 252 

Type  W,  with  extended  stem 252 

with  chain  attachment,  installation  details 

of 251 

vent  traps,  description  and  dimensions  of.  268-270 

typical  installation  details  of 268-269 

vent  valves,  application  details  of 268-271 

description  and  dimensions  of 270-271 

Motor  valves,  attachments  for 294 

Muffler  oil  separators 257 

Multiple-unit  valves,  attachments  for 296 

No.  7  traps,  description  of 246 

dimensions  of 246 

ratings  of 238 

Oil  separators,  allowable  velocity  through 255 

method    of    draining    by    means    of    grease 

trap 255 

receiver  and  muffler 257 

Series  21,  description  of 254 

Series  21,  dimensions  of 256 

Series  21,  ratings  of 256 

Plain  air-separating  tanks,  description  of 264 

dimensions  of 266 

selection  of  size 138,  142 

Pockets,  lift  (see  Lift  fittings) 

Pressure-reducing  valves,  connections  to  water 
accumulator 267 

Pressure  regulators  (see  Pressiure-reducing  valves) 

Pump  governors,  vacuiuu,  description  and  di- 
mensions of 260 

Pumps,  vacuum,  table  of  sizing 138 

Radiator  traps  (see  Return  traps) 
Radiator  valves  (see  Modulation  valves) 

Receiver  and  mufller  oil  separator 257 

Receiving    tanks,    description    and    dimensions 

of 264-266 

selection  of  size  of 138,  142 

Reducing  valves,  (see  Pressure-reducing  valves) 
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Regulators,  damper  {see  Damper  regulators) 
pressure  {see  Pressure-reducing  valves) 
vacuuiu  'see  \  :iruuiii  pump  tiovcrnors^ 

Return  trap^,  inrllind  nf  ruiiniiii:  return  pipe  to 

No.  7,  descriptiiin  ;uul  diiiifiisious  of 

No.  7.  nilins^s  of 237- 

requiri'iiu'iit-i  for  perfect  operation  of 

Sylplioii.  description  of 212- 

Sylplioii,  ratings  of 237- 

use  for  air  removal  in  Imiiber  dry  kilns 

use  in  lumher  dry  kilns 182,  181- 

Return  tanks  {see  Tanks) 

Separating  tanks  (sec  Air-separating  tanks) 

Separators,  oil,  allowable  velocity  through 255 

method  of  draining 255 

receiver  and  mulller  type 257 

Series  21,  description  of 25  1 

Series  21,  dimensions  of 256 

Series  21,  ratings  of 256 

Separators,    steam.   Series   21,    description   and 
dimensions  of 283-285 

Single-control  hydro-pneumatic  tanks,  descrip- 
tion and  dimensions  of 276-277 

Specifications,  typiiuil.  modulation  system 289 

typical,  vacuum  system 286 

Steam-control  tanks,  description  of 265 

dimensions  of 266 

Steam  separators,  ratings  of 285 

Series  21,  description  and  dimensions  of.  .283-285 

Strainers,  dirt ,  description  of 259 

dirt,  dimensions  of 260 

suction,  and  vapor  economizer,  description  and 

dimensions  of 261-262 

description  of 258 

dimensions  of 259 

selection  of  size  of 138,  1 11 

use  of,  on  lumher  dry  kiln  coils 186 

Suction  strainer,  and  vapor  economizer,  descrip- 
tion and  dimensions  of 261-262 

description  of 258 

dimensions  of 259 

selection  of  size  of 138,  .141 

typical  connections  for 150 

Supply  val\r^  •  si-r  Modulation  valves) 

Sylphciii  all:i(  1 iiN    sec  Trap  attachments) 

Sylphon  trap-.,  dcM-ription  of 242-2.15 

dimensions  of 245 

ratings  of 237-238 

Tanks,  air-separating,  description  and  dimen- 
sions of 26 1^266 

air-separating,  selection  of  size  of 138,  141 

Tanks,  hydro-pneumatic,  description  and  dimen- 
sions of 276-277 

hydro-pneumatic,  selection  of  size  of .  . .  .138,  142 
plain,  selection  of  size  of 138,  142 


Tanks,  steam-control,  selection  of  size  of.  .  .  138,  1 12 

water-control,  selection  of  size  of 138,  142 

Thermostatic  valve  No.  4,  trap  attachments  for. 294 

Trap  attachments 293 

for  motor  valves 294 

for  multiple-unit  valves 296 

for  thermo  valves 294 

for  various  types  of  valves 297 

for  water-seal-motors.  . : 294 

for  water-sea!  t  raps 295 

Traps  [see  also  Return  traps) 

grease  and  oil,  description  of 257 

dimensions  of 258 

method  of  connecting  for  draining  oil  sepa- 
rator   255 

heavy-duty  series  19T,  description  of 247 

dimensions  of 249 

ratings  of 239 

high-pressure  Sylphon  (see  High-pressure  Syl- 
phon traps) 
Hylo  (see  Hylo  traps) 

modulation  vent  (see  Modulation  vent  traps) 
proper  location  of  thermostatic  type,  on  lumber 

dry  kiln  coils 186 

proper  type  for  lumber  dry  kilns 184 

water-seal,  attachments  for 295 

Vacuum  governors,  typical  coimections  for.  .  .  .151 
pump  governors,  description  and  dimensions 

of 260 

regulators  (see  Vacuum  pump  governors  i 

system,  typical  specification  for 286 

Valves  (see  also  Modidation  Nalvcsl 
conserving  (see  ( '.c)iiscr\  inr  \al\cs) 
modulation  vent  'src  Modidation  vent  valves) 

radiator  outlet,  attachments  for 297 

Vapor  economizer  and  suction  strainer,  descrip- 
tion and  dimensions  of 261 

Velocity,  allowable,  through  oil  separators 256 

Vent  traps,   modulation   (see   Modulation  vent 

traps) 
Vent  valves,  modulation  (see  Modulation  vent 
valves) 

\n  Type  modulation  valves,  description  of .  . .  .250 

dimensions  of 252 

ratings  of 237 

Water  accumulators,  description  and  dimensions 

of 267 

typical  coimections  to  conserving  valve.  .  .  .173 
typical    connections    to    pressure-reducing 

valve 267 

-control  tank,  description  of 264 

dimensions  of 266 

selection  of  size  of 138,  142 

-seal  motors,  attachments  for 294 

-seal  traps,  attachments  for 295 
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WARREN  WEBSTER  &  COMPANY 

EXECUTIVE  OFFICES  AND  WORKS 
CAMDEN,  N.J. 


Branch  Offices  and  Representatives 


Atlanta,  Ga. 
Atlantic  City,  N.  J. 
Baltimore,  Md. 
Birmingham,  Ala. 
Boston,  Mass. 
Charlotte,  N.  C. 
Chicago,  111. 
Cincinnati,  Ohio 
Cleveland,  Ohio 
Columbus,  Ohio 
Dallas,  Texas 
Denver,  Colo. 


Detroit,  Mich. 
Easton,  Pa. 
Grand  Rapids,  Mich. 
Houston,  Texas 
Indianapolis,  Ind. 
Kansas  City,  Mo. 
Los  Angeles,  Cal, 
Memphis,  Tenn. 
Milwaukee,  Wis. 
Minneapolis,  Minn. 
New  Orleans,  La. 
New  York,  N.  Y. 
Omaha,  Neb. 


Pliiladelphia,  Pa. 
Pittsburgh,  Pa. 
Portland,  Ore. 
Rochester,  N.  Y. 
Saginaw,  Mich. 
Scm  Francisco,  Cal. 
Seattle,  Wash. 
St.  Louis,  Mo. 
Syracuse,  N.  Y. 
Toledo,  Ohio 
Washington,  D.  C. 
Wilkes-Barre,  Pa. 


Sole  Representatives  and  Manufacturers  in  Canada 

DARLING   BROTHERS,  Limited 

Head  Office  and  Works,  Montreal,  P.  Q. 

Branch  Offices  and  Representatives 

Calgary  Ottawa  Quebec  Vancouver 

Halifax  Toronto  Winnipeg 


London,  England 
THE  ATMOSPHERIC  STEAM  HEATING  CO.,  Ltd. 
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m. 


TH  Webster  (Warren)  &  Company, 

7561  Cambden,  N.Y. 

W4        Steara  heating.  1st  ed. ,  rev, 

1922 
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